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Cirrus Logic Analog Front Ends |(AFEs) are the first 





choice for today’s smart metering solutions. 
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your metering needs with Cirrus Logic’s flexible, cost- 
effective AFE solutions. 


Power up at www.cirrus.com/ednmeter 
and register for a free evaluation board. 
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Dell Precision™ workstations deliver the performance and graphics 
needed to run demanding applications with ease. Now your team can 
use data-rich modeling to evaluate new design options, predict building 
performance and communicate more productively. 


e Genuine Windows® 7 Professional 


« Scalable options — select systems are available with up to 192GB of 
memory’ and 7.5TB of internal storage 


« A full range of desktop, rack and mobile workstations to fit your needs 
¢ |S\V-certified for 95 leading applications, including Autodesk® 


e Stay up and running with Next Business Day on-site warranty options 
or optional 24/7 Dell ProSupport™ covering applications from 25 ISV 
vendors, including Autodesk. 





Find your ideal configuration online. ET Microsofts PC 


Go to Dell.com/smb/Vision or era.Office Home and Business 2010 sus 
call your sales rep at 1-888-378-3355 





Do More Business in More Places — Microsoft® Office 2010 Now Available on Dell Systems 
Microsoft® Office 2010 includes the tools and capabilities you need to organize, present and track your business 
whether you are in the office or on the road. 


*Actual capacity varies with preloaded material and operating environment and may be less. Significant system memory may be used to support graphics, depending on system memory size and othe 
factors. Intel, the Intel logo, Xeon, and Xeon Inside are trademarks or registered trademarks of Intel Corporation in the U.S. and other countries. Attn Warranties, One Dell Way, Round Rock, TX 7868. 
or visit dell.com/warranty. Remote Diagnosis is determination by online/phone technician of cause of issue, may involve customer access to inside of unit and multiple or extended sessions. If issu 
is covered by Limited Hardware Warranty and not resolved remotely, technician and/or part will be dispatched usually within 1 business day following completion of Remote Diagnosis. Availabilit 
varies. Other conditions apply. 
















| als ign BF baa | : | 
EDN 1210. L z 


contents 


Display-technology advancements: 
Change is the only constant 
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= insurmountable, but, not too long ago, people were say- 
— , ing the same things about CRTs. Upstart revolutionary alterna- 
le ) tives aspire to ascend to the throne, but LCDs intend to retain 
3 , the crown. 


by Brian Dipert, Senior Technical Editor 


Multiphysics simulation enhances 
electronics system design 


3 Adding models of thermal and optical 
behavior provides more complete 
verification of performance and reliability. 
by Mike Demler, Technical Editor 


|S Six-core DSPs enable | 6 Voices: Avnet’s Roy Vallee: 
software selection of 3 back to balance in 2011 
or 4G air interfaces anaes , - 






'& Hard-disk drives’ burgeoning 
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Over 5000 Standard 
P|CO Transformers 


and Inductors 
urface Mount 


(and Plug-In) 










Audio Transformers 


Impedance Levels 10 ohms to 250k ohms, 
Power Levels to 3 Watts, Frequency Response 
+3db 20Hz to 250kHz. All units manufactured 
and tested to MIL-PRF-27. QPL Units 
available. 


Power & EMI 
Inductors 


Ideal for noise, spike and Power Filtering 
Applications in Power Supplies, DC-DC 
Converters and Switching Regulators 



















Pulse Transformers 


10 Nanoseconds to 100 Microseconds. ET 
Rating to 150 Volt Microsecond, Manufactured 
and tested to MIL-PRF-21038. 


Multiplex Data Bus 
Pulse Transformers 


Plug-In units.meet the requirements 
of QPL-MIL-PRF 21038/27 

Surface units are electrical equivilents 
of QPL-MIL-PRF 21038/27. 


DC-DC Converter 
Transformers 


Input voltages of 5V, 12V, 24V And 48V. 
Standard Output Voltages to 300V (Special 
voltages can be supplied). Can be used as self 
saturating or linear switching applications. All 
units manufactured and tested to MIL-PRF-27. 


400Hz/800Hz 


o PowerTransformers 
0.4 Watts to 150 Watts. Secondary Voltages 5V 
to 300V. Units manufactured to MIL-PRF-27 
5k to one a Grade 5, Class S (Class V, 155°C available). 
mple 4 
Electronics, Inc. 
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see PICO’s full Catalog Immediately on the internet 


www.picoelectronics.com 


E-mail: info@picoelectronics.com 
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Baker’s Best: A good holiday-season project 


Prying Eyes: Christmas toys: Paper Jamz guitar relies 
on printed electrodes and connectors 


Mechatronics in Design: PLM and mechatronics 


Product Roundup: Power Sources 


Tales from the Cube: The sharpest tool in the shed 
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Check out these Web-exclusive articles: 


FROM EDN’s BLOGS 


How electronics technology 
keeps ripping off the world 






E-readers to open up $1 billion 


semiconductor opportunity in 2011 _of Harry Potter 
Increasing shipments of e-readers create From PowerSource, 
by Margery Conner 


new opportunities for microprocessor and 
memory vendors, according to In-Stat. 
»www.edn.com/101215toca 


We live in an age of marvels. It’s easy to 
forget that the industry that we work in lies 
beneath the vast majority of them, and we 
are privileged to be participants. 
~www.edn.con/101215tocc 


Agilent teams with Harvard’s Wyss 
Institute on biologically inspired 
engineering 
One goal of the partnership is to provide 
deeper insight into the way physical forces 
and the mechanical properties of living tis- 
sues influence cell behavior and contribute 
to the onset and progression of disease. 
*~www.edn.con/101215tocb 


Employment is on its way up, 

but is it up enough? 

_ From Now Hear This!, 

. by Suzanne Deffree 
Broadcom sits atop a recent 
list from the Orange County 

} _ Business Journal naming 
companies in the area hiring talent 

for local operations. 
“~www.edn.com/101215tocd 
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BY BRIAN DIPERT, SENIOR TECHNICAL EDITOR 





Electronica 2010: Going green, 
often sight unseen 


1 


tive officer called them out as among the key trends 


artwork and verbiage documenting the relevant company’s environmentally 


EDN.COMMENT 


demonstrations of various power-saving product capabilities. 


Pardon my negativity, but I walked — 
away with some of the same cynicism — 


that I experience at every supposed- 
ly green Consumer Electronics Show. 


Don’t get me wrong; saving power is an 
honorable aspiration. Certain aspects of — 
the companies’ pitches always resonate — 


with me as a lifelong member of the Si- 
key industry trends. 

The nexus of my skepticism, though, 
green often seems a convenient plati- 


tude to ensure continued—if not accel- 


power-efficient product the one that 


enables consumers to rationalize its pur- 
chase, regardless of whether it’s some- 
thing they need or want, thereby fur- 


rent draw. 
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artificially price-lower- 
erra Club. And I applaud STMicroelec- | ing government. subsi- 
tronics’ focus on green technologies as 
- taxes and regulatory in- 
_ fluences, and the like. You 
lies in the fact that making a product | 
| factors, for example, in the 
~ smaller average size of vehi- 
erated—materialism on the part of the 
end customer. After all, isn’t the most | ed States. On the other hand, 
_ had the driver of the taxi I 
burns no power at all? Yet, sticking a _ 
picture of a green leaf, a flower, a tree, or 
a panda on a product’s retail packaging | 
her the gas-guzzling down- 
sides of driving her Mer- 
_ cedes-Benz at nearly 200 kph, 
ther boosting the home’s aggregate cur- | 
_ peak speeds on the Autobahn. 
Thankfully, | observed in Munich nu- | 
merous examples of practical, in-use and | 
often subtly implemented environmen- | 
tally sensitive technologies that some- | 


Europe is, as many of you know, a demo- 


_ graphic leader in going green, the prag- 
_ matic result of its much higher energy 
prices versus, for example, the United | 


States due to factors such as less available 
domestic supply, fewer 


dies, higher government 


can see the impact of these 


cles versus those in the Unit- 


took from the airport to my 
hotel spoken more English, 
I might have mentioned to 


or approximately 120 mph, 


But I knew I wasn’t in Kansas any- 


more when I stepped out of the elevator 
at the hotel and the dim hallway lights _ 


automatically brightened; | hadn’t previ | Contact me at brian.dipert@ubm.com. 












_ ously experienced such precise motion- 
_ sensor management. Speaking of lights, 
their nonincandescent dominance in 
_ both fluorescent and LED forms every- 
_ where I looked in Munich was impres- 
_ sive. Then, one day at the subway sta- 
tion, the escalator didn’t seem to be 
_ working, but the stairs next to it were 
_ jammed with people. I decided to walk 
| up the escalator instead and was sur- 
reen” technologies had a substantial presence at this | prised to feel it begin vee under al 
_| feet when | stepped on it. I experienced a 
year’s Electronica, which took place last month in P gaia iGiauaoIOR abMiatele AMOR: the 
Munich, Germany. STMicroelectronics’ chief execu- | molasses-slow conveyor belt smoothly 
| accelerated when I started striding on it. 
that his company was planning to harness for contin- | 
- pect, fundamentally cultural in nature. 


ued semiconductor success in the future, and his exec- | 


ee ._. There were plenty of automobiles; Ger- 
utive peers on the panel echoed his aspirations. More generally, green was in . 
| many is, after all, the home of Audi, 


at Electronica; nearly every display suite’s eye-catching aspirations included | PMG Waicedes Bens maker Daim- 
| ler AG, Opel, Porsche, and Volkswa- 
sensitive leanings, and many of the vendors’ booths showcased technology | 
_ be using the robust Munich public-tran- 
_ sit system; subways were packed during 
what counterbalanced my _ pessimism. | 


Some of what I observed was, I sus- 


gen. But most folks seemed to instead 


rush hours. To get from the transit sta- 


_ tions to their destinations, people relied 
_ on walking, biking, and using scooters. 


I believe that California, for all its en- 
vironmentally friendly claims, has a lot to 


~ learn about not only talking the talk but 


also walking the green walk, after what 
I've seen in Munich. Admitted- 
ly, this automobile-crazed state 
is, unlike the East Coast, for 
example, infrastructure-tai- 
lored for individual-trans- 
portation vehicles, and ret- 
rofitting it for robust public 
transit will be costly and time- 
consuming. Neither issue is po- 
litically palatable. Yet, although 
hybrid and, eventually, electric 
vehicles, along with green util- 
ity power sources, will play their 
part in reducing California’s and 
the United States’ carbon foot- 
prints, mass transit is a prerequi- 
site to more notable power-con- 
sumption improvements—not to 
mention the radical suggestion of 
more frequently strapping on the walk- 
ing shoes.cDN 
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Six-core DSPs enable software 
selection of 3 or 4G air interfaces 


reescale Semiconductor has an- 


nounced the next-generation MSC- | 
_ 512 physical channels, allows OEMs to deploy 


8157 and MSC8158 programmeble, 


broadband, wireless DSPs. The devices | 
offer more than twice the throughput of zheir 2 
MSC8156 predecessor. The DSPs enable — 


SDR (software-defined radio) for base sta- 
tions, saving OEMs’ development costs with 


field-upgradable code- and pin-compatible | 
products, which reduce operating expenses | 
' accelerator, freeing the processors’ six cores 
_ to handle other tasks. The unit also features 
 hardware-accelerated FEC (forward-error 
correction), FFT/DFT (fast-Fourier-transform/ 
| discrete-Fourier-transform), MIMO minimum- 
| mean-square-error, and maximum-likelinood- 
- decoder equalizers. 


for wireless carriers. A software switch lets you 
use the same DSP for multiple technologies or 
in a multistandard-mode base station. 
Freescale manufactured the processors in 
45-nm CMOS technology, with 1V core logic, 
and 2.5, 1.5, and 1.35V I/Os. The MSC8&158 
targets use in 8G HSPA (high-speed-packet- 


access) and HSPA+ networks, enabling more | 
efficient and higher-throughput deployments | 


for WCDMA (wideband-code-division/multi- 
ple-access) networks. 
The MSC8157 handles an array of 3 and 4G 
wireless standards. For emerging LTE (long- 
term-evolution) systems with 20-MHz band- 


width, the peak throughput possible takes | 


place at a maximum data rate of 300 Mbps 
in the downlink and 150 Mbps in the uplink, 
using a 4x4 array of download MIMO (mul- 


tiple-input/multiple-output) antennas and a | 


2x4 array of upload antennas. These features, 


along with various interference-cancellation | 


schemes, enable the devices to support hun- 
dreds of users. 

Alternatively, the MSC8157 can support mul- 
tiple 42-Mbps WCDMA in the downlink and 


11-Mbps sectors in the uplink. The devces | 


require no additional ASICs or FPGAs to perform 
chip-rate acceleration, increasing system Ser- 


formance and decreasing cost and power con- 


sumption. The high throughput and flexible chip- 


rate acceleration, with a capacity of as many as 


their own variants of chip-rate algorithms. 
Mathematical and baseband-intensive tasks, 

such as MIMO processing, must support as 

many as eight antennas in 4G TD-LTE (time- 


| domain LTE) systems. The MSC8157 offloads 


these tasks to an embedded MAPLE (multi- 
accelerator-platform-engine)-B2 baseband 


To address higher capacity and throughput 
requirements, Freescale added a higher-speed 
DDR-memory interface, more internal mem- 


| ory, 6G CPRI (common-public-radio-interface) 
| antennas and two serial RapidlO Generation 
| 2 interfaces. For more on this announcement, 
| go to http://bit.ly/idP1 yv.—by Mike Demler 


Freescale Semiconductor, 


- www.freescale.com. 
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SN TALKBACK 


“it amazes me 
that companies 
... would want 

to shut out free 
development ac- 
tivity! All those 
hackers working 
up new applica- 
tions ...and need- 
ing [the product] 
to use them! Silly 
companies that 
feel they have 

to retain control. 
Heck, even Apple 
has opened the 
door ... a little, 
anyway.’ 
—System/sofiware engineer 
David Ormand, in EDN’'s 
Talkback section, at hitp://bdit. 
ly/b2iluh. Add your comments. 


The next-generation 
MSC8157 and 
MSC8158 program- 
mable, broadband, 
wireless DSPs offer 
more than twice the 
throughput of their 
predecessor. 
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Hard-disk drives’ burgeoning capacities 
outshine those of solid-state drives 


ome industry observers 
believe that hard-disk- — 


| gigabyte. 


drive capacities have 
overshot most computer users’ 
storage needs. As such, other 


factors beyond the historically _ 
_ for example, Western Digital 


dominant metrics of absolute 


capacity and cost per bit will _ 
_ ina3.5-in. “bare” configuration 
| that sells for $239, following up 
on a $249.99 external-storage 
_ variant with a USB (Universal 
_ Serial Bus) 3 interface that it | 
also unveiled last month. At | 
first glance, WD’s announce- 
_ ment might seem to be a copy- 
| cat; after all, Seagate in June 
_ launched a 3.5-in., hard-disk- 
| drive-based, 3-Tbyte external — 
_ drive, whose price is now down 
vide plenty of ammo to bolster — 


gain in prominence as selec- 
tion criteria. Those other fac- 
tors, such as random-access 
performance, power consump- 
tion, ruggedness, reliability, 
and operating noise, favor the 
apparent successor to hard- 
disk storage: flash-memory- 
based solid-state drives. 

Other industry analysts dis- 
agree with that opinion, and 
hard-disk-drive suppliers pro- 


their stance. Consider, for exam- 
ple, some cost-per-bit examples 
from recent promotional prices. 


was selling a Samsung (www. 


hard drive for $49.99, along 
with a Western Digital Corp 
2-Tbyte model, for $99.99. 
Both of these devices’ prices 
translate to 5 cents per giga- 


selling a Toshiba (www.toshiba. 
com) 2.5-in., 500-Gbyte hard- 
disk drive for $49.99, translat- 
ing to 10 cents per gigabyte. 
Contrast these hard-disk-drive 


in., 32-Gbyte solid-state drive, 
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which Newegg had on sale for | Seagate started shipping a 1.5- | 
| Tbyte portable external drive in 
_ September. Western Digital's 
| drive, however, is a three-plat- 
| ter, 12-mm design that is thicker 
_ than normal and thereby unable 
| to fit into some systems, and 
| Seagate's drive is an even-more- 
_ bloated four-platter arrange- 
ment. Hitachi’s $129.99 drive 
| matches Seagate’s per-platter | 


$58.99, translating to $1.85 per 


From an absolute-capacity 


_ standpoint, consider recent 


industry news. Last month, 


unveiled a 3-Tbyte hard drive 


to $199.99 or less. However, 


_ Seagate's drive is a five-platter 
_ monster reminiscent of Hitachi's 
_ four-platter, 1-Tbyte premier in 
Newegg (www.newegg.com) | 


2007. Conversely, WD’s focus 


| was On power consumption, 
samsung.com) 3.5-in., 1-Tbyte — 


not to mention cost reduction, 


so it was willing to delay its 
_ entry until it could shoehorn 
_ the requisite capacity into an 
_ industry-leading four-platter 
_ configuration. 

byte. The same retailer was also 
| also in October launched a 750- 
_ Gbyte, 2.5-in. hard-disk drive. 
_ Again, at initial inspection, you 
_ might wonder what the big deal 
_ is. Western Digital launched a 
prices with that of Corsair’s 2.5- 
/ more than a year ago, and 


Hitachi (www.hitachi.com) 


1-Tbyte, 2.5-in. hard-disk drive 


IM GIVING YOU TO 
HIM BECAUSE I HATE 
HIS STUPID GUTS. 
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: The Ad- 
vanced 


_Format migrates 
from the 512- 
byte sector 

size to the new 
_4-kbyte sector 
arrangement. 


Both the Western Digital 


| 3.5-in. drive and the Hitachi 
| 2.5-in. drive use the so-called 
_ Advanced Format, 
| migrates from the traditional 
' 512-byte sector size to the | 
See e ee nen ee onecenceereneeeatetre rer aera weeereneeraneisneteinnsty ware-interface) BIOS; and run a 
_ latest-generation operating sys- 
_ tem, such as a 64-bit variant of 
_ Windows Vista or Windows 7, 
_ Mac OS 10.6 Snow Leopard, or 
| a “modified” Linux distribution, 
- can harness the full capacity— 
_ more than approximately 2.1 
_ Tbytes—of the Western Digital 
| 3-Thyte hard-disk drive and its 
_ peers. —by Brian Dipert 

_ >Western Digital Corp, 

| www.wde.com. 


WHAT 
DID T 
DO TO 
DESERVE 
Is 


SORRY IM 
LATE. T HAD 
TO DROWN 
A BURRITO. 





newer 4-kbyte sector arrange- 
ment with resultant stronger 
ECC (error-correcting circuitry), 
as a means of more effectively 
mitigating the degrading effects 


| Of raw error rates. Unfortunately, 
_ the 4-kbyte sector is inefficient 
| to nonfunctional from both 
capacity and performance 
| standpoints with legacy operat- 
_ ing systems when they directly 
_ access the drive. External stor- 
| age subsystems can invisibly 
_ work around some of these 


incompatibilities, however, by 


_ putting an intelligent USB-to- 
_ SATA (serial advanced-tech- 
| nology attachment) or FireWire- 
_ to-SATA controller between the 
_ drive and the computer. 


Similarly, Western Digital 


| includes an AHCI (advanced 
_ host-controller-interface)-com- 
_ pliant HBA (host-bus adapter) 
_ with its 3-Tbyte bare drive. This 
_ board’s bundling is conceptu- 
| ally no different from Maxtor's 
_ capacity, but, because it’s a> 
_ two-platter approach, it fits into 
| a conventional 9.5-mm chassis. 
_ Andit comes in both 5400- and, 
_ by early next year, 7200-rpm 
variants. Effective drive capacity 
_ tends to decrease as rotational 
_ speeds increase, thereby mak- 
_ ing Hitachi’s high-speed product 
_ plans particularly notable from 
_ an areal-density standpoint. 


approach when it was advo- 
cating ATA/133 drives in the 


_ absence of native-chip-set 
_ support for its proprietary PATA 
_ (parallel-ATA) speed, for exam- 
_ ple, or what some early SATA- 
_ drive suppliers did until native- 
_ chip-set support for the serial- 


storage interface reached criti- 


| cal mass. Nonetheless, it’s a 
| cost-burdening extra step that 
| I'm sure Western Digital will be 
_ happy to dispense with as soon 
| as possible. 

which | 


Only systems that fully support 


_ 48-bit logical-block addressing; 


contain an EFI (extensible-firm- 








MachXO2™ PLD 





MachX0Q2. 





With the MachXO2 PLD family, you now have everything you need to meet your low power, small form factor, 


high functionality and low price requirements for your next consumer or system design. 


Access free reference designs and software, development kits and supporting literature at: 


latticesemi.com/machxo2 









Applications — 
« Smart Phone 

« Digital Camera 
« GPS 

» Server 

« Router 

» Base Station 


And more... 


: 
2 


ron a ad 





MachxO2 








Sian Wia ROB ROC RE ALAA NO NTO BES 


Benefits 

» (nstant-on, non-volatile 

oe micydie}icy (elute acelpa Masi) mo icine 70,010) mei 
a» Embedded memory up to 240 Kbits 


Ultra low power as low as 1I9UW 


» On-chip user flash memory & I°C, SPI, timer/counter 
» Prices starting as low as $0.75 


And more... 





fie 
5 ¥ : : 
¥ e Sees 
iS e 5 ie eee 
is : : 3 ee a ck ae 8 OEE 
4 % pee Me a 
4 3 : : rea Ng ae 
is : i ape 
a Bees ae 
: : hy. Sa aa = 
: es Te sn Oe ~ 
é Sonne _. a : 
‘aaa om AG 
: 
*, 
‘ ve 
<a *: 
ri » 
3 









|| 
Laulice 
saneun TVaaTexeyarelereivels 


aa eeee Corporation 


latticesemi.com/machxo2 


©2010 Lattice Semiconductor Corporation. All rights reserved. Lattice Semicoaductor Corporation, L (& design), Lattice (& design), MachXO2 and specific product designations are either registered trademarks 
5 & 
or trademarks of Lattice Semiconductor Corporation or its subsidiaries, in the United States and/or other countries. Other marks are used for identification purposes only, and may be trademarks of other parties. 








pulse 


VOICES 


Avnet’s Roy Vallee: 
back to balance in 2011 


outperforming many other segments and recording sig- | 
nificant revenue growth estimated at 30 to 35%. But | 
booming demand in many cases met supply shortages as com- | 
panies reset inventories during the economic aftermath of 2009. | 
Roy Vallee, Avnet Inc’s (www.avnet.com) chief executive officer | é Pie 
and chairman, spoke to EDN about the closing year and the | Be paintal ae eer even 


year ahead from his standpoint as an expert on the electronics | Sry had been managed 


Ts: semiconductor industry proved its strength in 2010, | 


supply chain. Excerpts of that discussion follow. 


What do you think is the key 
lesson from 2010, a year 
during which the electron- 
ics industry and its engi- 
neers spent time recovering 
from an economic downfall 
and juggled the electronics 
supply chain in an attempt 
to match supply with 
demand? 

A It turned out that real 

end demand was far 
stronger than pretty much 
anybody had anticipated. It 
turned out to be a whopper of 
a year. The high-level thought 
that goes through my head is 
that, in the 1990s, during the 
“orebubble” period, the bulk 
of the demand for the industry 
was on the business side of 
things, with products such as 
IT and communications gear 
really driving the demand. 
After the bubble, it seemed as 
though the consumer sector 
was the primary end market 
for growth. In fact, over the 
five years following the tech 
bubble, the consumer sector 
grew to become the No. 1 
end market for all electronic 
components. 

As we recover from the 
recession, for whatever rea- 
son, both markets—business 
spending on various forms 
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_ of capital equipment, such 

_ as IT and communications — 

are strong, and people are 

| still buying consumer devices 
at a fast pace. So | think the 

~ amazing story of 2010 is how 
_ strong demand was for tech- 
_ nology products and how 

_ technology once again out- 


| in the way we used to do reg- 
| ularly before the tech bubble. 


_ Have we recovered, or are 
_ we still recovering? 


Maybe we have to start 
with macroeconomics. 


A 


| There | would say that the 
_ United States and the rest of 


_ nomic recovery. It’s not as 

_ strong as most people would 
_ like. It’s not as strong as what 
-_ is typical of a postrecession 

_ recovery. But, on a broad 

_ basis, there is an economic 

- recovery under way. Then, if 

_ you drill down to the industry, 
_ my perspective is, yes, we 

_ have recovered because 

' Avnet and most of the part- 

_ ners we deal with are back to 
_ prerecession levels of reve- 

_ nue. | think that scenario indi- 
_ cates a full recovery. 


| Could this year have been 


10 


_ poorly? 


During the recession, 
the supply chain, pretty 


A 


_ much across the board, 

_ reacted more dramatically 

_ than | have ever seen in my 

_ history in this industry. There 
| was a lot of concern about 

_ how deep the recession was 
- going to be and how long it 

_ was going to last. As a result, 
_ performed the macroeconomy — 


people didn’t waste any time, 


__and they weren't meek about 

_ their actions. In hindsight, now 
_ that we found this demand 

_ snap-back in 2010, it turns 

_ out that we as an industry 

~ actually overreacted, allowed 

_ inventory and capacity to get 

_ too low; then, when demand 

~ came back, we ended up with 
_ the world are in a cyclical eco- 


fairly severe shortages. 


Leadtimes are still far out in 
| some cases. Do you believe 
_ supply and demand will 

| come back into balance in 
2011? 


| do. You can see, for 
example, the significant 


A 


_ growth in the semiconductor- 

_ capital-expenditure compa- 

_ nies, whether it be for the front 
or the back end. Supply has 

| been ramping up in calendar 

- 2010. Interestingly enough, as 
_ we finish the calendar year, 

_ seasonal demand will be fall- 


| ing. The combination of ramp- edited by Suzanne Deffree 





ing supply and declining sea- 
~ sonal demand will mean that, 
_ by the end of the year or early 
_ in 2011, we should get back 

_ to normal product leadtimes 
"onan average basis. There will 
"always be exceptions to that 

| [prediction], but, broadly 

_ speaking, we will be back to 

| normal product leadtimes, 

_ perhaps by the end of this 

| quarter or during the first 

~ quarter of 2011. 


| Are we prepared to get 

_ back into those normal sea- 
| sonal trends and product 

_ leadtimes next year? 


Generally speaking, | 
would say yes. | would 


A 


interject that, to the extent 

_ that businesses have created 
_ inventories or buffer stocks to 
_ support extended product 

_ leadtimes and the leadtimes 

~ come back to normal, we 

| could experience one or two 

- quarters of slightly below sea- 
| sonality and then certainly by 

| the second half of 2011 revert 
- to normal seasonality. The 

_ experts are all pretty much 

— calling for growth in 2011, 

_ maybe slightly below the sec- 
— ular growth rate for the indus- 
_ try over the next three years, 

_ but we have to absorb some 

_ of this inventory that we built 

| during 2010. 

_ —interview conducted and 
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Q. Why do many modern ADCs 
have a signal bandwidth much 
greater than their maximum 
sampling frequency? Doesn't 
sampling theory require the 
signal frequency to be limited 

to half the sampling frequency? 
Wouldn't it save power if their 
input stages had less bandwidth? 


A. This has indeed become a common 
feature in sampling ADCs designed in the 
last decade or so. The increased band- 
width rarely has much effect on an ADC's 
Power consumption, though, as its input 
stage usually consists of switched capaci- 
tor sampling circuitry. In ADCs that have 
input buffers, the power consumption of 
these amplifiers will be roughly propor- 
tional to their bandwidth, but as modern 
amplifier processes continue to evalve, 
each successive generation delivers more 
bandwidth for less power. 


Sampling Theory! states that if a complex 
signal (made up of components at sev- 
eral different frequencies) is sampled with 
a sampling clock frequency of less than 
twice the maximum frequency present 

in the signal, a phenomenon known as 
aliasing will occur. Sampling with a clock 
frequency low enough to cause aliasing is 
known as undersampling. 


In the early days of sampled data systems 
the input signal was almost always a base- 
band signal, with a frequency ranging 

from dec (or near dc if it was ac coupled) 

to a cut-off frequency which was usually 
defined by a low-pass filter (LPF). In such 
systems aliasing can prevent proper opera- 
tion and may be a serious problem. 


But if the total bandwidth of the signal 

is less than half the sampling frequency, 
then aliasing is not a problem—provided 
the relationship between the sampling 





Oversampling and Undersamp 





ling 


frequency and the range of signal fre- 
quencies is correctly defined. Today many 
sampled data systems work with signals of 
high frequency, but relatively narrow band- 
width (for example the intermediate fre- 
quencies (IFs) of digital radios), and lower 
frequency clocks. The ADCs for these 
systems must have wide signal bandwidths 
but do not need high maximum clock fre- 
quencies. 


As we saw in an earlier RAO? it is possible 
to improve the resolution of a sampled 
data system by increasing the sampling 
clock rate—the procedure is known as 
oversampling. If the signal bandwidth is 
small, even though the signal frequency 

is high, we can build a high-performance 
system using the ADCs you describe 

in your question and a clock frequency 
much higher than the signal bandwidth 
but much lower than the signal's center 
frequency. Such a system is simultaneously 
undersampling and oversampling, unlikely 
though this may seem at first sight. 





'Often called the Nyquist, or Nyquist-Shannon, Sampling 
Theory after Harry Nyquist and Claude Shannon who were 
among the first to develop its theoretical basis. 

7RAQ 13 - “It may be Greek to you, but sigma delta convert- 
ers are not really hard to understand.” 


To Learn More About 


Sampling ADCs 
http://dn.hotims.com/27763-101 
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BY BONNIE BAKER 


BAKER'S BEST 


A good holiday-season project 





light’s position by monitoring the difference between their output signals. 


If you use three op amps in a differ- 
ential-photodiode-amp configuration, 
you will see greater accuracy in prox- 
imity and difference (Figure 1). 


as traditional current-to-voltage con- 
verters or transimpedance amps. A, 
and R, form a difference amp, sub- 
tracting the output voltages of A, and 
A,. In this circuit, the incident light 


flow through the diode from cathode 
to anode. Because the inverting input 





R 


2 


_ photodiode’s currents flow through the 
_R, feedback resistors. The voltage at 
the inverting input of the amp tracks — 
- the voltage at the amp’s noninverting | 
The configurations of A, and A, act | 


input. 


OUT’ 


J 





| A, and A, are input capacitance, bias 
current, offset, noise, and tempera- 
- ture drift. The goal is to select amps in 
_ which these parameters are as low as 
_ possible. A, and A, require low-input- 


| current CMOS or FET op amps. 


You can implement a differential 


| amp discretely or with an off-the-shelf 
_ product. As long as the resistors sut- 
hich of the bulbs on a Christmas tree is the brightest? | 


If you had the time and desire to answer this question, function of this circuit is 1'V/V. 


you could use a single photodiode to determine the | 
— equal, a noticeable gain error can occur 


brightness of your bulbs. Finding that brightest bulb | 


_ between the two input signals. You can 
among the many and the background light would be _ easily compensate for this type of error 
a laborious task, however, unless you expanded your | by replacing any of the four resistors 
design task to using two photodiodes. The two photodiodes let you find a | 
_ however, this type of mismatch can in- 
_ troduce nonlinearities in the system 
_ when the common-mode voltage of 


| the two inputs changes. You define the 


rounding A, are equal, the de-transfer 


If the resistors around A, are not 


with a potentiometer. More important, 


common-mode voltage of the input 


signals as (V )/2. Ideal- 


Aiourt ¥ a2ouT 


ly, the differential amp rejects com- 
Consequently, the amp’s outputs — 
_ change in voltage along with the IR 
_ drop across the R, resistors. The output | 
_ voltages of A, and A, contain both dif- 
_ ference and common-mode signals. A 
on the photodiode causes current to | 


mon-mode-voltage changes. The cal- 


| culated CMR (common-mode-rejec- 


tion) error due to resistor mismatch- 


| es is 100x(1+R,/R,)/(% of mismatch 
, (perros): 
rejects the common-mode signal and | 
_ delivers the differential-voltage signal — 
_ to the circuit output at V 
of A, and A, has high impedance, the | 


An equal illumination on the two 


_ photodiodes makes the output voltage 
_ OV. D, and D, respond linearly to il- 
The key performance parameters for — 
_ magnitude of the output voltage a di- 


lumination intensity, which makes the 


! | rect measurement of the difference be- 


DIFFERENTIAL AMPLIFIER 


| 
| 
| 
R,, , 
| 
| 
| 
| 


Figure 1 Differential inputs reduce common-mode errors and take the difference of 


the two photodiodes’ signals. 
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_ tween the direct light impinging on D, 
and D.,. 


A single photodiode provides some 


_ measure of a light’s intensity through 
- the magnitude of the diode’s output 
| signal. 
- conditions can influence this magni- 
O Vour (loot )R;- | 


However, background-light 
tude, requiring calibrated and imprac- 
tical measurement conditions. Adding 
a matched photodiode and monitoring 
the difference between the two diode 


- outputs removes the equal offsets the 
- two diodes produce. Background light 
adds only an offset to the photodiode’s 
outputs, and the differential amp re- 
~ moves this effect.cDN 


Bonnie Baker is a senior applications engi- 


—. neer at Texas Instruments. 
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Example Application 










0.7V,50A 
a—> (35 W, regulated) 
48 V Area 7.1 cm?/ 1.1 in? 
(38 — 55 V) 


12V,10A 
(120 W, non-regulated) 
ot -} (or split to lower power, 
lower voltage loads) 
Area 3.6 cm2/ 0.55 in? 


+3.3V,25A 
(82 W, regulated) 
Area <7.5 cm?2/ 0.825 in? 


-3.3V,25A 
(82 W, regulated) 


Area <7.5 cm?/ 0.825 in? | 


22.0 mm 


(0.87 in) 16.5 mm 


(0.65 in) 


6.73 mm 
(0.265 in) 
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e 1/32 brick footprint 
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e 50A VIM™ Current Multiplier 

e 120W BCM™ Bus Converter 
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Christmas toys: 


Paper Jamz guitar relies on printed 


electrodes and connectors 


aper Jamz is a toy electronic guitar that provides a 
surprisingly good approximation of an electric guitar, 
relying on three AAA batteries for power and its built- 
in 1%-in. speaker for sound. Both its name and its low 
price of $25 hint that the guitar relies on printed-on 
electrodes and signal traces for its construction. It can serve as a 
case study in how sophisticated products can result from a power- 
ful microcontroller and some capacitive-touch-sensing inputs. 





You don't really need pressure to select a chord. With capacitive- 
touch sensing, just the presence of your finger is all it takes to 
select the chord of the mode or activate playing the strings. 
Capacitance exists between an electrode and any surrounding 
conductive material. The human body, although less conductive 
than a piece of copper wire, is still an adequate conductor. When a 
finger, for example, comes close to an electrode, the capacitance 
increases. A handy microcontroller senses that increase and serves 
as a triggering event. The sensing electrode is a grid of printed con- 
ductive traces that lie below the surface layer of plastic film. 





A plastic-film tab with printed conductive traces wraps over from 
the back side and serves as a connector. The top of the neck 
cover secures the tab in place, clamping it onto the 1%x2-in. 
PCB (printed-circuit board). 





The whitish square on the far left side of the PCB is a flexible mem- 
brane that forms a cheap switch: The black dot is a bit of conduc- 
tive material. Pressing it causes it to contact and complete a circuit 
between the PCB traces below it. It’s accessible only before the 
manufacturer seals up the guitar, so it's probably a go/no-go test 
run to make sure the toy passes at least a simple end-of-assembly 
test. An eight-pin SOIC CEO030B chip from Chipower is a 1W, fully 
differential audio power amplifier with internal feedback resistors. 
The guts of the board seem to reside under a 1/16-in.-thick black 
blob of epoxy—too thin for a packaged part. This type of packag- 
ing, COB (chip of board), or blob top, is likely the microcontroller. 
You can usually purchase less expensive chips as bare die and 
wire-bond them onto the PCB. Even allowing for the cost of wire 
bonding, it’s still a cheaper manufacturing process. 


The small yellow device on the power output from the AAA battery 
compartment is probably a PTC (positive-thermal-coefficient) over- 
current- and overtemperature-protection circuit to prevent short cir- 
cuits and overheating of both the battery assembly and the circuit. 
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At approximately 30 in. long, Paper Jamz is smaller 
than a typical electric guitar; considering its target audi- 
ence, however, this size is understandable. Despite 

its name, it’s not paper. Instead, it’s a plastic, guitar- 
shaped shell that appears to be screen-printed with 
artwork including strings, a sound hole, frets, and 
volume knobs. It has three play modes. In freestyle 
mode, you refer to a chord chart that shows which frets 
to press for a chord. For major chords, pressing either 
one or two frets makes a chord. This use model is a far 
cry from using a real guitar, with which you must fret 
several strings at once. Paper Jamz is much simpler 
and allows young players to imitate rock musicians 
even if their fingers’ dexterity isn’t up to individual-string 
fretting. 
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Run, drive, or fly 
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Figure 1: Robot Visualization 
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PLM and mechatronics 


Product-life-cycle management enables the mechatronics-design philosophy. 





echatronics is a design philosophy that emphasizes 
multidisciplinary, model-based communication, col- 
laboration, and integration from the start. Sustain- 
ability has further challenged mechatronics to transform it- 
self into a closed-loop, cradle-to-cradle design approach. PLM 
(product-life-cycle management) is a process of managing the 
entire engineering life cycle of a product, along with the soft- 
ware tools to synchronize information. Just as in mechatron- 
ics, we now view this life cycle as one that stretches from con- 
ception; through design and manufacturing; to service, dis- 
posal, and recycling. Just as a key element in mechatronics is 
human-centered design, PLM is becoming more human-cen- 
tered, in addition to being information-centered. 

Recently, I gave a speech about mechatronics and inno- 
vation at the Product Lifecycle Management 2010 Confer- 
ence in Detroit. PLM is certainly not new, having made its 
debut 25 years ago, but it was my first exposure to the world 
of PLM, and major companies from many industries were 


By creating one database that 
serves as the central source of 
information, PLM reduces rework 
due to confusion over data from 
multiple databases. 


there. With the need to manage increasingly complex de- 
signs, along with the imperatives for energy-efficient, sus- 
tainable, and environmentally responsible design, PLM is 
clearly a subject of great interest worldwide. 

How are mechatronics and PLM related? Does PLM take 
over when the mechatronics effort ends, or are they becom- 
ing integrated so that both become better? To better under- 
stand the world of PLM today and in the future, I spent con- 
siderable time with John Bayless, the director of strategy and 
program management for Mercury Marine and the practice 
director for Mercury Marine PLM Services, a PLM-consult- 
ing business within Mercury Marine. Bayless is a graduate of 
the US Naval Academy (Annapolis, MD), who served as a 
US Navy fighter pilot. He holds a master’s degree in busi- 
ness administration from the University of Michigan’s Ross 
School of Business (Ann Arbor, MI). 


In Bayless’ view, the link between a mechatronics approach 
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and PLM is the need for collabora- 
tion during product development. 
A mechatronics approach calls for 
a cross-functional team to come to- 
gether in a way that encourages spe- 
cialists to make mutual design adjust- 
ments to reach a better final design. 
The execution of a mechatronics ap- 
proach creates a need for PLM. 

Part of mechatronics’ need for 
PLM stems from the difficulty spe- 
cialists, often in disparate locations, 
have coming together early and of- 
ten enough to collaborate on the lat- 
est design information. A PLM sys- 
tem eases collaboration by connect- 
ing engineers and cross-functional pews, visit mechatronics 
team members, such as manufactur- zbre.COm: 

Mme, proctitemiemt, and marketing, = 
almost in real time. For example, by 

creating one database that serves as the central source of in- 
formation, PLM reduces rework due to confusion over data 
from multiple databases. When engineers use this approach 
to its fullest potential, PLM saves time—time that they could 
better use creating innovations for new products. 

From my discussion with Bayless, I learned that the scope 
of PLM implementation varies by company. For example, 
some Mercury PLM Services clients are considering their 
first investment in PLM and are looking for reliable infor- 
mation. Other clients use PLM only to store CAD data but 
are interested in deploying the tools in more value-added 
ways across the enterprise. Mercury PLM Services provides 
best practices that bring PLM benefits to the organization, 
not just one discipline, making it ideal for mechatronics. 

Communication, collaboration, and integration are the 
key attributes of mechatronics design that lead to innova- 
tion. PLM—managing all the information from the start of 
the design to the eventual disassembling and recycling of 
the product—can facilitate that process. We must first, how- 
ever, define and widely embrace mechatronics design for the 
organization. Each individual’s ownership of the process, not 
just a consensus, is essential to reaping the full benefits of 


PLM.&pon 
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epeatedly predicted and re- 
peatedly delayed on many 
occasions, the transition 


from CRTs (cathode-ray 
tubes) to LCDs (liquid- 
crystal displays) has final- 
ly occurred, even in cost- 
sensitive emerging mat- 
kets and across dominant 
application segments: computer monitors and 
televisions. Small-format LCDs also find wide 
use in diverse portable electronics devices, 
along with some digital projectors. However, 
LCDs have lingering imperfections, including 
low refresh rates and lengthy response times, 
constrained viewing angles, high power con- 
sumption and cost, and poor perceptibility 
in direct sunlight and other high-ambi- 
ent-light conditions. As a result, manu- 
facturers are always looking for ways to 
eliminate these imperfections in this 
all-important, evolving technology. 
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Some developers focus their efforts 
on making incremental improvements 
to a “vanilla” LCD foundation. Oth- 
er cases warrant a more revolutionary 
transition—to OLEDs (organic light- 
emitting diodes) for an ultrasvelte con- 
sumer-electronics device, for example, 
or to an “electronic-paper” display for 
a digital reader. Historical trends make 
it clear that there’s no one-size-fits-all 
display approach for all applications, 
no matter how much the resultant vel- 
ume cost and, therefore, price efficien- 
cies might favor such consolidation. 
They also make it clear that there’s no 
shortage of creativity fueling ongoing 
technological innovation—both in the 
near term to provide credible alterna- 
tives to currently dominant approach- 
es and in the long term to capture the 
dominance prize. 


SUBPIXEL VARIATION 


Figure 1 shows the basic operational 
concepts of an LCD. Normally, the per- 
pendicular polarization orientations of 
two parallel polarizer layers block trans- 
mission of ambient-environment-gen- 
erated light that reflects off a mirrored 
back panel, self-illumination by a back- 
light, or both, leading to an array of 
perceived-black pixels. However, [TO 
(indium-tin oxide), the same increas- 
ingly rare material that touchscreens 
use, delivers a sufficiently strong ap- 
plied electric field to alter the interme- 
diary liquid crystal’s modulation prop- 
erties (references 1 and 2). This altera- 
tion translates to light transmission of 
varying intensity. Initially popular pas- 
sive-matrix displays individually and, 
therefore, sequentially accessed each 
row-and-column rudimentary circuit 





Figure 1 The conventional-LCD-pixel structure is easy to understand (a), but 
minor structure variations produce major differences in results. An RGB subpixel 
triplet is the most common means of delivering color to the eye (b), but plenty of 
alternative approaches, such as this PenTile arrangement, are also possible (c). 





| quality results. 


| arrangement. 


aspect-ratio pixel arrangement. 


AT A GLANCE 

Various LCD (liquid-crystal- 
display)-pixel-structure alternatives 
deliver varying expense-versus- 


Striving for optimal cost, power 
consumption, color gamut, and 
other attributes, fresh approaches 
are challenging the dominant RGB 
(red/green/blue)-subpixel-triplet 


High pixel densities are largely the 
domain of mobile displays, which, 
unlike their bigger siblings, have also 
largely retained the legacy 4-to-3- 


Backlights come in diverse vari- 


ants; with OLEDs (organic light-emit- 


| ting diodes), they’re unnecessary. | 


Full-color, fast-refresh displays | 


represented overkill for first-genera- 
tion e-book readers, but their 
descendants are increasingly dissat- 
isfied with molasses-slow mono- 


| chrome screens. 


intersection, thereby requiring each 
pixel to hold its state between refreshes 
and translating into slow response, low 
contrast ratios, and other shortcomings 
that became worse as resolutions and 
screen sizes increased. 

The active-matrix LCD successor 
relies on a matrix of TFIs (thin-film 
transistors), with at least one transis- 


tor devoted to each pixel, thereby al- 


lowing for precise column-line-to-pixel 
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correlation. After the display controller 
activates a row line, it drives the rele- 
vant pixels’ specific voltages on the 
column lines. A display-refresh opera- 
tion sequentially activates all of the 
row lines. With the now-dominant TN 
(twisted-nematic) LCD, the liquid- 
crystal elements twist to varying de- 
grees in response to a varying applied 
voltage, constructively or destructively 
interacting with the polarizing filters’ 
effects to pass varying amounts of light. 
Precise electric-field control combines 
with refresh-pattern-modulation tech- 
niques to enable the generation of any 
per-pixel gray-scale value. 

IPS (in-phase switching) LCDs 
emerged in response to display users’ 
requests for improved viewing angles, 
deeper black levels, and other enhance- 
ments. The IPS LCD horizontally aligns 
the liquid-crystal cells with subsequent 
application of the per-pixel electrical 
field through the crystals’ ends, there- 
by requiring two transistors per pixel— 
more costly than TN’s approach. His- 
torically, at least until the unveiling of 
LG Display’s Enhanced IPS approach, 
the incremental per-pixel circuitry also 
negatively affected light-transmission 
efficiency, thereby necessitating bright- 
er and more power-hungry backlights 
to compensate. 

Speaking of LG, IPS _historical- 
ly found use only in high-end profes- 
sional displays and other application 
niches that could tolerate the tech- 
nology’s inherently higher cost. How- 
ever, Apple adopted En- 
hanced IPS LCDs in 
the company’s latest-gen- 
eration Cinema _ Display, 
iMacs, iPads, and iPhone 4. 
This adoption should spur 
price-cutting high-produc- 
tion volumes that other 
potential customers can 
also beneficially leverage 
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(Figure 2). An intermediary approach, 
the VA (vertical-alignment) LCD, of- 
fers an approximation of the TN-to- 
IPS quality improvements. However, 
VA LCDs, which come in multidomain 
and patterned variants, require only 
one transistor per pixel. As such, they 
have lower per-pixel costs than IPS 
alternatives. 


The varying twist and refresh-modu- 
lation techniques enable an LCD to dy- 
namically calibrate the luminance in- 
tensity of each pixel, thereby generat- 
ing pure black, pure white, and shades 
of gray between these range extremes. 
Subpixels are the keys to an LCD’s abil- 
ity to generate color from a white-back- 
light illumination source. Each of the 
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307,200 pixels in a conventional VGA 
(video-graphics-array)-resolution pan- 
el, for example, comprises three close- 
proximity subpixels, each with an asso- 
ciated red, blue, or green filter that en- 
ables only the relevant portion of the 
visible-light spectrum to pass through 
it. Selective control of the subpixels 
creates the illusion of a pure-color pix- 
el. Dithering further fools the eye and 
brain, thereby expanding the perceived- 
color palette. Subpixels have other us- 
es, as well. Microsoft’s ClearType ren- 
dering technology, for example, sac- 
rifices color accuracy to enhance the 
perceived sharpness of displayed text 
(Reference 3). 

The RGB (red/green/blue) subpix- 
el pattern is the dominant but by no 
means the only approach in use. Nou- 
voyance (formerly, Clairvoyante be- 
fore its 2008 acquisition by Samsung, 
of which it is now an independent sub- 
sidiary) has developed a series of alter- 





native arrangements that the company 
brands PenTile for various target appli- 
cations and attributes. The initial ap- 
proach mimics the cone-cell propor- 
tions in the human eye. The quincunx- 
unit cell comprises two red subpixels, 
two green subpixels, and one centrally 
located blue subpixel. Another pat- 
tern, RGBW  (red/green/blue/white), 
maximizes display brightness for a giv- 
en amount of power consumption and 
is reminiscent of the panchromatic im- 
age-sensor pattern that Eastman Kodak 
introduced in 2007. 

Kodak’s legendary Bayer-pattern im- 
age sensor, which takes its name from 
Bryce E Bayer, PhD, who patented it 
in 1976, has a Nuovoyance-equivalent 
RGBG  (red/green/blue/green)-display 
pattern; both arrangements exploit the 
fact that the human visual system is 
most sensitive to green-spectrum infor- 
mation. The RGBG PenTile approach 


encompasses one-third fewer subpixels 
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Figure 2 Apple’s latest- 
generation Cinema 
Display (a), iMacs (b), 
iPad (c), and iPhone 

4 (d) all harness IPS 
LCDs, making it 
increasingly likely that 
this formerly “bou- 
tique” technology will 
achieve mainstream 


adoption. 
ma) 


than that of a traditional RGB pattern, 
but primary inventor Candice H Brown 
Elliott claims that it delivers equivalent 
perceiveddisplay resolution. [he RGBG 
PenTile pattern currently finds use in 
Samsung’s OLED panels for mobile 
phones, digital cameras, and other con- 
sumer-electronics devices. 

Sharp is the only remaining notable 
Japanese LCD manufacturer, and the 
company is striving to technically d:f- 
ferentiate itself from South Korean, Tai- 
wanese, and Chinese competitors to re- 
main relevant in the future. At the 2009 
SID (Society for Information Display) 
show in San Antonio, TX, the com- 
pany showed prototype LCDs employ- 
ing a five-subpixel pattern incorporat- 
ing not only traditional red, green, and 
blue additive colors but also the cyan 
and magenta subset of the subtractive- 
color palette. Six months later, at the 
January 2010 CES (Consumer Elec- 
tronics Show), Sharp unveiled a se- 
ries of Quattron RGBY (red/green/ 
blue/yellow)-subpixel-pattern-based 
TVs ranging in screen size from 40 to 
68 in., some of which are now in pro- 
duction, with others to follow next 
year. 

The company’s promotional mate- 
rials dish up no shortage of hyperbole, 
claiming that this subpixel combina- 
tion delivers more than | trillion dis- 
tinct colors versus conventional RGB’s 
billions, “faithfully rendering nearly all 





colors that can be discerned with the 
unaided human eye” and delivering 
“more sparkling golds, Caribbean blues, 
and sunflower yellows” (Reference 4). 
Sharp conveniently fails to mention, 
however, that Panasonic in the 1970s 
unveiled conceptually similar Quatre- 
color CRT TVs, which met with an 
underwhelming market embrace and 
which the company quickly discontin- 
ued. Sharp also doesn’t seemingly have 
a compelling answer to the question of 
why an RGBY display enhances con- 
tent that gear with only convention- 
al RGB-subpixel cognizance original- 
ly captured and processed. However, 
at least one other company seemingly 
feels that Sharp is onto something: Ap- 
ple recently filed patents that one-up 
Quattron by advocating a pure CMYK 
(cyan/magenta/yellow/black) subtrac- 
tive-display approach (Reference 5). 


RESOLUTIONS, ORIENTATIONS 


Modern flat-panel televisions, re- 
gardless of their screen sizes, tend to 
comprehend a native resolution no 
finer-detailed than 1080p—that is, 
1920x1080 pixels in a wide-screen ori- 
entation. This upper-end resolution 
cap makes them easier to manufacture 
and, therefore, higher yielding and less 
expensive, and the suppliers rationalize 
the pixel-count ceiling by pointing out 
that commercially available video con- 
tent is 1080p in maximum resolution. 


Granted, consumers might 
prefer to view higher-qual- — 
ity versions of the still im- 
ages their high-resolution 
digital cameras capture, 
but there’s insufficient 
demand for the feature 
to justify its development 
and deployment by TV 
manufacturers and their 
panel partners. 

Samsung this year voiced long-term 
concern about the resolution cap at a 
meeting in South Korea. As available 
screen sizes continue to increase and at 
close-enough viewing distances, observ- 
ers will increasingly be likely to discern 
discrete pixels and the boundaries be- 
tween them—an undesirable capability. 
Movie theaters currently project digi- 
tal content at 2 and 4K resolutions— 
approximately 2048 horizontal pix- 
els and approximately 4096 horizontal 
pixels, respectively. No consumer-ori- 
ented physical-media format currently 
supports these resolutions, however. 
Downloadable and streamed media are 
more flexible (Reference 6). Similarly, 
NHK, among other companies, has for 
several years now at CES demonstrated 
compelling UHDTV (ultra-high-defi- 
nition digital television), which NHK 
brands SHV (superhigh vision), but a 
broad market rollout remains elusive. 

You might believe that computer dis- 
plays would be more amenable to very- 
high-resolution pixel configurations, 
and you’d be right, but probably not to 
the extent that you might think. Grant- 
ed, computer monitors’ close-proximity 
viewing arrangements encourage high 
pixel resolutions and, therefore, fine 
pixel pitch. Computer monitors have 
smaller screen formats than do TVs, 
somewhat counterbalancing these at- 
tributes. And the content, including 
photographs, text, and the like, that us- 
ers view on these monitors is more ame- 
nable to fine-detail capabilities. But the 
resolution restrictions of legacy ana- 
log VGA, digital single-channel DVI 
(digital-visual-interface), and HDMI 
(high-definition-multimedia-interface) 
connections have to some degree lim- 
ited display-quality evolution—a limi- 
tation that DisplayPort has had limited 
success in alleviating (Reference 7). 

The decreased manufacturing com- 
plexity, increased yield, and, therefore, 
lower cost and higher supply of lower- 
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Figure 3 The high-resolution Retina display (a) squeezes four times the pixels into the 
same screen real estate as its conventional LCD predecessor (b). 


resolution displays at a given screen size 
also factor into the price-versus-quality 
trade-off that has placed higher-resolu- 
tion alternatives into high-profit-mar- 
gin but low-volume market niches. You 
also cannot ignore the dots-per-inch 
constraints of legacy operating systems 
and programs. Even with a leading- 
edge, dot-per-inch-flexible operating 
system, such as Microsoft’s Windows 
7, a legacy application that assumes a 
traditional 72-dpi density produces un- 
acceptably small or, when interpolat- 
ed, fuzzy fonts and graphical elements 
when output to a higher-dot-per-inch 
display. 

Fortunately, such legacy limitations 
are not factors in many modern mo- 
bile operating systems and applications. 
With the ultrasmall displays in mobile 
phones, multimedia players, cameras, 


. 3-D content in homes, an 
_ emerging trend, is at least 
oo temporarily reinvigorating 
_ plasma technology, thanks « 
_ to its nearly instantaneous A 
pixel-refresh rate,which = 
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and the like, system hardware and soft- 
ware can effectively harness a higher 
dot-per-inch density, making for a no- 
table improvement in user-perceived 
quality. With the latest-generation 
iPhone 4, for example, Apple worked 
with LG Display to implement Apple’s 
Retina LCD. Retina not only employs 
IPS rather than the conventional LCD 
technology that the previous-genera- 
tion iPhone 3GS uses but also touts a 
960x640-pixel resolution, translating 
to 78 micron-wide pixels that deliver a 
326-ppi (pixel-per-inch) density, versus 
480x320 pixels with the iPhone 3GS 
in the same 3.5-in.-diagonal size (Fig- 
ure 3). More recently, Sharp unveiled 
a matching-specification display in the 
company’s ISO3 Android-based mobile 
phone. At October’s CEATEC (Com- 
bined Exhibition of Advanced Tech- 


_ strives onward, | a 1 promis- | 
ing display technology __ 
nearly six years ago, 

_ SED urtaoersoniuphion - 


nologies) in Japan, Hitachi showed off 
a 302-ppi display, albeit a 6.6-in.-diago- 
nal screen—nearly twice the size of the 
Retina display in the iPhone 4. Also in 
October, the Casio/Toppan joint ven- 
ture, Ortustech, announced a 4.8-in.- 
diagonal display with a 1920x1080-pix- 
el resolution, translating to a 458-ppi 
density. 

Although pixel density is one of sev- 
eral key determinants of the quality of 
the content you view, aspect ratio— 
that is, the number of horizontally and 
vertically arranged pixels—defines how 
much of the content you can see on the 
screen at once. The growing popularity 
of wide-screen-formatted TV programs, 
movies, and other video content has 
driven the inexorable migration in re- 
cent years of TVs and computer displays 
to the now-dominant 16-to-9 and simi- 
lar ratio dimensions. Computer-game 
players, stock traders, and other power 
users may even stack multiple displays 
side by side to further increase the con- 
figuration’s horizontal real estate. How- 
ever, plenty of computer users who pre- 
dominantly view conventional content 
while Web browsing, writing, creating 
spreadsheets and performing calcula- 
tions using them, and doing similar 
activities bemoan the perceived “lost” 
vertical resolution of a wide-screen dis- 
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Figure 4 Amazon's latest Kindle and Kindle 3 e-book readers (a) harness E Ink’s second-generation, higher-contrast Pearl bistable 
display (b). Barnes & Noble has taken a more colorful, albeit more costly, LCD-inclusive tack with its latest Nook device (c), and the 
OLPC provided the foundation on which Pixel Qi aspires to build a successful display business (d). Meanwhile, Qualcomm lever- 
aged butterfly-wing biomimicry in coming up with its Mirasol MEMS-based IMOD approach (e). 


play versus the predecessor’s 4-to-3 as- 
pect ratio (references 8 and 9). 

On the other hand, mobile electron- 
ics’ displays have at least to date large- 
ly bucked the wide-screen-conversion 
trend that has marked their larger- 
format brethren. In part, this contin- 
ued reliance on the legacy aspect ratio 
is due to the fact that a system with a 
portrait-oriented, 4-to-3-aspect-ratio 
display tends to fit better into a user’s 
hand. It’s also partly due to the fact 
that most of the content users access 
on such systems continues to be best 
viewed on a screen other than a wide 
one. Apple, for example, received no 
shortage of unwarranted criticism from 
early reviewers of the iPad, who, in fo- 
cusing on video-playback applications, 
overlooked the fact that electronic- 
publication-reader programs mimic 
the printed page that has an approxi- 
mate 4-to-3 aspect ratio in both sin- 
gle-portrait and dual-page-landscape 
configurations. 


BACKLIGHT OPTIONS 


Historically, nonreflective LCDs 
have largely leveraged CCFL (cold- 
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cathode-fluorescent-lamp) backlights, 
whose dominant attributes included 
low cost and a diverse supplier base. 
However, they’re less than ideal in nu- 
merous other respects, including in- 
consistent illumination among lamps, 
despite intermediary diffuser use; from 
power-up to stable subsequent opera- 
tion; and as they age. They also have 
limited operating life before hard fail- 
ure, notable incremental effects on 
both display thickness and display pow- 
er consumption, environmentally dam- 
aging or costly disposal characteristics, 
and low display ruggedness and reli- 
ability. In addition, they cannot deliver 
deep blacks because the CCFL back- 
light is always on, and some amount of 
light leaks through the polarizing filters 
and to the viewer’s eyes. 

Some niche situations have also 
employed incandescent light bulbs, 
ELPs (electroluminescent panels), and 
HCFLs (hot-cathode fluorescent lamps) 
as backlights, and all have unique com- 
binations of strengths and weaknesses, 
but LEDs appear to be the emergent 
widespread CCFL-backlight successor. 
Initially too expensive to use in any 


but the smallest display-real-estate set- 
tings, they’ve rapidly decreased in price 
in pace with their burgeoning adoption 
in diverse applications. As such, now 
that cost is increasingly not prohibi- 
tive, they neatly address CCFLs’ short- 
comings. Design engineers love LED 
backlights’ advantages, and marketers 
leverage them by giving their prod- 
ucts misleading monikers. For exam- 
ple, Samsung in mid-2009 began—and 
continues—to promote “LED TVs,” de- 
spite complaints from Britain’s Adver- 
tising Standards Authority and other 
consumer-advocacy groups (Reference 
10). Unfortunately, other manufactur- 
ers have followed suit. 

The first-generation LED-backlight 
configuration, which remains in wide- 
spread use, is reminiscent of its CCFL 
predecessor: multiple white LEDs 
spread across the screen with a diffuser, 
or light guide. A reflective layer behind 
the LED array boosts the backlight ef- 
ficiency by redirecting toward the user 
emitted light that might otherwise go 
to waste. Elementary LED-backlight de- 
signs drive all of the available LED ele- 
ments to the same intensity. So-called 





local-dimming approaches take the ar- 
chitecture to the next logical step. By 
individually controlling the intensity 
of each LED element, they boost the 
display’s effective contrast ratio at the 
trade-off of increased required process- 
ing intelligence and therefore cost built 
into the display. 

An increased color gamut is the key 
focus of the next increment in LED 
evolution, which harnesses the fact 
that LEDs come not only in white but 
also in red, green, and blue variants. 
By individually controlling the inten- 
sity of each sub-LED within a three- 
color cluster, a display manufacturer 
can positively affect not only contrast 
ratio but also the palette and accuracy 
of visible colors the LCD outputs. Con- 
versely, edge-lit LED arrangements fo- 
cus on thickness and, to some degree, 
backlight cost. In this case, as the name 
suggests, the LED arrays reside on two 
or all four border spans of the displey, 
with light guides spreading their illu- 
mination across the back panel. Local- 
ized contrast and color control are im- 
possible with such a configuration, but, 


in exchange, the display can be both 
slightly thinner and potentially cheap- 
er than its backlit counterpart. 

Any backlight, no matter its compo- 
nents or its configuration, still incre- 
mentally and negatively affects display 
depth and power consumption. Elimi- 
nation of the backlight is a key selling 
point of the OLED, a long-touted sup- 
posed successor to LCDs that’s final- 
ly beginning to deliver on its promise, 
at least in small-format applications. 
OLEDs’ inherent emissive electrolu- 
minescence requires no supplemental 
backlight. Unlike backlight-inclusive 
displays, they are flexible, opening the 
doors to new applications, such as elec- 
tronics-augmented clothing and roll-up 
signage. Their wide viewing angles, viv- 
id colors, and perceived contrast ratio 
in dim viewing settings are impressive. 
They also deliver several orders of mag- 
nitude faster response than do LCDs. 

But OLEDs’ limited operating life- 
time, particularly for blue-spectrum or- 
ganic materials, has to date left them 
feasible only with highly disposable 
electronics devices. Before hard failure, 


all OLED subpixels exhibit degradation 
over time, creating undesirable col- 
or-balance shifts. OLEDs, being non- 
reflective in nature, tend to be difficult 
to discern in high-ambient-lighting set- 
tings, such as with direct-sunlight illu- 
mination. Unlike LCDs, and like CRTs 
and plasma displays, they are prone to 
permanent persistence, or burn-in, in 
response to the lengthy display of a sta- 
tionary image (see sidebar “Plasma lives 
to fight another day; SED fades away”). 
They deliver excellent power consump- 
tion with mostly dark content. How- 
ever, their battery drain when display- 
ing mostly light material, such as the 
common arrangement of dark text on 
a light or white background, can be sig- 
nificantly higher than that of an LCD/ 
backlight combination. 

~ High-volume, cost-effective OLED 
manufacturing remains a challenge, 
and there are a limited number of sup- 
pliers. For example, although HTC 
over the past year launched a series of 
OLED-based mobile phones, the com- 
pany has subsequently retrofitted them 
with LCDs in response to supply short- 
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falls, leaving currently dominant OLED 
supplier Samsung to use the small-for- 
mat displays in its own branded cam- 
eras, cell phones, and other products. 
And Samsung’s frequently stated ambi- 
tion to obsolete LCD TVs with large- 
format OLED successors, although an 
understandable response to the loom- 
ing threat of emerging LCD competi- 
tion from companies in Taiwan, China, 
and elsewhere, seems to be little more 
than a pipe dream, at least for the near 
term (Reference 11). 

As for the front of the display, an in- 
creasing percentage of LCDs employ 
glossy screens instead of matte, anti- 
glare counterparts. In response, spe- 
cialty suppliers have sprung up to, for a 
warranty-busting and often-substantial 
fee, retrofit glossy-only computers with 
matte aftermarket displays. Applying a 
matte film to the front of a glossy LCD 
produces a comparable and more cost- 
effective effect. The heated debates be- 
tween advocates in both camps are rem- 
iniscent of the arguments about matte 
and glossy photographs, which have 
comparable sets of pros and cons. Matte 
screens don’t exhibit egregious reflec- 
tions and consequently may be easier on 
the eyes for extended viewing periods 
and outdoors—that is, if the backlight 
is strong enough. Detractors point out 
their decreased brightness and contrast, 
which promoters alternatively describe 
as more accurate. Conversely, glossy 
screens’ vibrant—albeit, according to 
image professionals, inaccurate—colors 
make them the often-preferred option 
for playing games or watching mov- 
ies, thereby explaining their burgeon- 
ing popularity. However, high-ambient- 
lighting conditions result in glare and 
reflections from the display’s surround- 
ings. In both cases, the incremental at- 
tenuation and other alteration effects of 
a potentially present touchscreen also 
beg for your attention. 


E-BOOK ASCENDANTS 
Whether LCD or OLED, displays’ ev- 


er-faster responses have enabled them 
to finally usurp CRTs in performance- 
demanding usage environments, such as 
computer and multiplayer-gaming set- 
ups. They’ve also, in combination with 
evolving backlight improvements, led 
to a numbers race among suppliers con- 
tinually striving to one-up or, depending 
on the specification, “one-down” each 
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other, albeit with often-dubious real-life 
relevance. Overdriving a pixel to en- 
courage it to more quickly switch states 
is, for example, a meaningful technique 
only when moving it from fully open to 
fully closed or vice versa. Subtler transi- 
tions take much longer than their more 
abrupt counterparts. 

Similarly, not too long ago, people 
considered a 60-Hz display-refresh rate 
as state of the art, whereas 120-Hz pan- 
els are now commonplace, and 240-Hz 
and higher refresh-rate displays are en- 
tering the mainstream. Again, some 
practical benefit exists to such tech- 
niques. These benefits include enabling 
the display-refresh rate to more evenly 
match up with the 24-Hz cadence of 
film-captured material, for example; 
eliminating “judder” in fast-action se- 
quences, such as sports content; and 
bringing 3-D playback to the living 





room (Reference 12). Yet, a bungling 
implementation may ironically produce 
results that are worse than those of a 
slower-refresh predecessor. Intermedi- 
ary frame creation can take the form of 
either previous-frame repetition or in- 
terpolation between successive source 
frames. Thanks to LED backlights’ 
rapid illumination and extinction at- 
tributes, intermediary black frames— 
those with the backlight turned off— 
often also find use. 

Peer at the printed page of a mono- 
chrome book or newspaper, and you'll 
likely realize that a full-color LCD or 
OLED represents overkill for an elec- 
tronic-paper successor. This discrepan- 
cy explains the impressive industry em- 
brace of E Ink’s bimodal display medi- 


um, which the company based on tech- 


nology developed at the Massachusetts 
Institute of Technology’s Media Lab 
and today finds use in most e-book read- 


ers and similar devices. As the compa- 
ny literature (Reference 13) explains, 
“The principal components of electron- 
ic ink are millions of tiny microcapsules, 
about the diameter of a human hair. 
In one incarnation, each microcapsule 
contains positively charged white par- 
ticles and negatively charged black par- 
ticles suspended in a clear fluid. When 
a negative electric field is applied, the 
white particles move to the top of the 
microcapsule to become visible to the 
reader. This [approach] makes the sur- 
face appear white at that location. At 
the same time, an opposite electric field 
pulls the black particles to the bottom 
of the microcapsules where they are 
hidden. By reversing this process, the 
black particles appear at the top of the 
capsule, which now makes the surface 
appear dark at that location.” 

E Ink’s microcapsules retain their 
orientations even after removal of the 
electric field—until subsequent field re- 
application and reversal. As a result, E 
Ink-based devices deliver much longer 
battery life than LCD or OLED alterna- 
tives. The displays are easy to read even 
in bright-sunlight settings, have nearly 
180° viewing angles, and deliver 150- 
to 200-dpi resolution. E Ink this year 
unveiled its second-generation Pearl 
technology, with a claimed 50% im- 
provement in contrast ratio. However, 
although the manufacturer claims that 
Pearl has a less-than-l-msec response 
rate, refresh rates are on the order of 
only a few frames or less per second, 
leading to slow page-turning, annoying 
“ghosting” artifacts, and a practical in- 
ability to display even low-frame-rate 
video content. 

Color variants of E Ink displays are 
not yet in production, and the proto- 
types at last summer’s SID conference 
and other recent industry forums have 
been underwhelming, with limited pal- 
ettes and low contrast ratios—both in 
an absolute sense and compared with 
LCD and OLED counterparts. These 
shortcomings are problematic for col- 
or newspapers, such as USA Today, the 
Sunday comics, and electronic maga- 
zine subscriptions. They also render E 
Ink displays incompatible with “en- 
lightened” electronic-literature  ver- 
sions, which embrace the new medi- 
um’s capabilities by including anima- 
tion sequences, video clips, and the like. 
For these and other reasons, Barnes & 





Noble selected a 1024600-pixel, 7-in. 
LCD for its $249 Nook color e-reader, 
which the company introduced in Oc- 
tober. The company is treading a ten- 
uous and unclear pricing path between 
less expensive monochrome e-books 
and fully featured color-tablet comput- 
ers (Figure 4). 

Several upstart display developers 
strive to combine the best attributes of 
LCD, OLED, and E Ink, and they hope 
that market success will follow. One of 
the more well-known aspirants is Pixel 
Qi, whose founder, Mary Lou Jepsen, 
was formerly the chief technology of- 
ficer of the OLPC (One Laptop per 
Child) project at MIT’s Media Lab. The 
company’s displays are largely compat- 
ible with LCD-manufacturing equip- 
ment and production flows, a key factor 
in the hoped-for rapid supply ramp-up 
and equally rapid cost decreases. Pix- 
el Qi devices can optionally switch off 
their backlights, transforming from full- 
color conventional displays into reflec- 
tive monochrome screens that, like E 
Ink counterparts, are easy to read in di- 
rect sunlight. The OLPC XO-1 first em- 
ployed the Pixel Qi display, and Notion 
Ink’s upcoming Adam tablet, which 
the company based on Nvidia’s Tegra 
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2 ARM CPU, also uses Pixel Qi. Pixel 
Qi also sells the $275 3Qi display to do- 
it-yourself hackers who want to replace 
the 10-in. LCDs in their netbooks. 

Qualcomm’s Mirasol display repre- 
sents a curious move for a company best 
known for its plethora of wireless-com- 
munication patents and the semicon- 
ductor devices that employ them. Mira- 
sol, a MEMS (microelectromechan- 
ical-system)-based technology, uses 
IMOD (interferometric modulation), 
which functions similar to the way in 
which a butterfly wing refracts light in- 
to a rainbow of colors. Each display ele- 
ment comprises two conductive plates, 
forming an optically resonant cavity. 
One plate is a thin-film stack on a glass 
substrate, and the other is a reflective 
membrane suspended overhead; an air 
gap separates them. The IMOD ele- 
ment has two stable states. With no ap- 
plied voltage, the plates remain sepa- 
rate. Applying a voltage differential 
draws the plates together by electro- 
static attraction. 

When ambient light hits the element, 
with no applied voltage to the plates, 
the light reflects off both the top of the 
thin-film stack and the reflective mem- 
brane above it. Depending on the opti- 
cal cavity’s height, the light of certain 
wavelengths reflecting off the mem- 
brane is slightly out of phase with the 
light reflecting off the thin-film struc- 
ture. Some wavelengths constructively 
interfere, whereas others destructively 
interfere. The human eye and brain per- 
ceive as color the resultant amplifica- 
tion of some wavelengths and not oth- 
ers. Collapsing the plates’ gap by apply- 
ing voltage results in constructive inter- 
ference only at ultraviolet wavelengths, 
invisible to the human eye, translating 
to a perceived-black absence of color. 
Sequentially ordered red, green, and 
blue constructive-wavelength subpixel 
elements, as with LCDs and OLEDs, 
construct pixels that output all color 
combinations, including white. 

To date, Qualcomm’s few Mirasol de- 
sign wins have been in small-format 
monochrome displays from a modest Tai- 
wanese facility in partnership with Fox- 
link. However, Qualcomm has recently 
begun showing limited-gamut-color and 
somewhat-dim prototypes and is report- 
edly building a $2 billion dedicated man- 
ufacturing facility after securing a major 
design win (Reference 14).0N 
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imulation of electronic circuits and systems 
has long focused on the analysis of electri- 
cal signals: voltage or current waveforms for 
analog engineers and binary bit patterns for 
digital engineers. Now that IC density has 
grown into the billions of transistors, how- 
ever, on-chip management of power dissi- 
pation has become more critical. You must 
also consider the physics of how that power 
converts into performance-degrading heat. Verification of sys- 
tem performance and reliability requires analysis of both ther- 
mal and electrical conduction, involving modeling of materials 
that you previously may have ignored, and the physical interac- 
tion from a chip to its package and surrounding environment. 





BY MIKE DEMLER » TECHNICAL EDITOR 


Meanwhile, many of the highest-growth applications for 
electronics involve control of illumination. New technology 
for flat-panel displays, LED lighting, solar energy, and high- 
speed interconnect requires analysis of the physics involved 

in electro-optical behavior. 


hubba 


Multiphysics simulation is a tool for analyzing systems 
with disparate physical behaviors that disparate math- 
ematical models describe. The physical behaviors 
may be intentional components of a design, such as 
in electromechanical or electro-optical systems, or 
they may be an unavoidable aspect of the physical 
realization, as is the case for most electrothermal 
behavior. Approaches to simulation also vary— 
from co-simulation of tightly coupled systems 
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AT A GLANCE 


Increasing system-design com- 
_ plexity drives the need to analyze 
| nonelectrical behavior. 


gl Multiphysi cs diantaher hate 

electrothermal and electro-optical 
_ models to complete system 
verification. 


o On- ‘obit abakiets oe ere ccrhiis 
_ variations detects performance and 
| reliability problems. 


GJ A divide-and-conquer vaseiedh 
combines models that experts in 
different domains develop. 


to a divide-and-conquer approach that 
uses specialized tools and languages for 
each domain and APIs (application- 
programming interfaces) to pass data 
between the various models. 

With everything from toothbrushes 
to our cars now using embedded elec- 
tronics, multiphysics is a hot topic. 
Multidomain simulators, on: the oth- 
er hand, have been around for a long 
time. The earliest commercial multido- 
main tool is Analogy’s Mast language, 
which debuted in 1986 and still finds 
use in Synopsys’ Saber simulator. 

Lee Johnson, business-development 
manager at Synopsys’ Saber unit, sees 
an. increasing emphasis on total sys- 
tem design with a focus on the com- 
ponents that surround the chip. Multi- 
physics simulation is gaining most of 
its traction, Johnson says, because of 
the many bidirectional interdependen- 
cies and interactions that occur in such 
systems. With electronic actuation re- 
placing hydraulics in many vehicles, 


i 





Figure 1 A thermal profile for an RF-antenna switch dem- 
onstrates the range of temperature variation within a cell- 


phone IC (courtesy Gradient). 


multiphysics simulation is necessary for 
modeling the interaction between con- 
trollers and their loads. 

The trend toward the development 
of “green” energy is also creating new 
applications for multiphysics simula- 
tion, requiring sophisticated models to 
incorporate solar arrays and new bat- 
tery technologies. The ability to inte- 
grate high-voltage components, com- 
bining electrical and electromagnetic 
behavior with electrothermal charac- 
teristics, thus becomes a necessity in 
high-power systems. 

Darrell Teegarden, business-unit di- 
rector at Mentor Graphics, says that sys- 
tem complexity is making it more diffi- 
cult for his customers to design prod- 
ucts. A complete system design com- 
monly involves embedded software, an 
RTOS, sensors, actuators, a DSP, and 
energy sources. Teegarden, co-author of 
The System Designer’s Guide to VHDL- 
AMS (Reference 1), sees accelerating 
interest in system-modeling languages 
because of the need to describe behav- 
ior across multiple disciplines. 

Modeling remains the biggest chal- 
lenge, however, relying on experts in 
each domain to choose the language 
that best fits their piece of the overall 
system. The divide-and-conquer ap- 
proach may involve executable UML 
(unified modeling language) to gener- 
ate C code, Spice for analog compo- 
nents, or data-driven models from en- 
gineering tests of prototypes. The Men- 
tor SVX (SystemVision X) client envi- 
ronment eases the job by providing an 
interface to National Instruments Lab- 
View software for test-program devel- 
opment and execution throughout the 

design cycle. 


The SVX virtual- 


execution  environ- 
ment dynamically 
connects domain- 


specific modeling and 
software tools over a 
secure, managed sig- 
nal channel. A C/C++ 
API makes it easy for 
embedded application 
software to interact 
with models of con- 
trol systems, multi- 
physics subsystems, 
sensors and actuators, 
and analog and digital 
electronics. 
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TEMPERATURE VARIATION 


Engineers have routinely limited the 
analysis of the impact of temperature 
variation on an IC design to corner 
analysis, which entails varying the sim- 
ulated temperature for the whole chip 
or function block from nominal to the 
hot/cold extremes of a device’s operating 
range. Corner simulation operates on 
the assumption that the chip substrate 
is an isothermal surface and that there 
is no variation in either the lateral or 
the vertical directions through the vari- 
ous insulating and conductive materials. 
With the higher levels of integration in 
today’s SOCs (systems on chips), espe- 
cially the increasing number of RF and 
analog- and mixed-signal functions, that 
assumption no longer holds. 

Adi Srinivasan, vice president of en- 
gineering for EDA start-up Gradient, 
points out that on-chip temperature 
variations can often be 25°C or great- 
er. These temperature effects disturb 
device-matching assumptions in sensi- 
tive analog circuits, introducing anoth- 
er variable for designers who struggle to 
account for on-chip statistical variations 
in mnanometer-device characteristics. 
Failure to properly account for these 
temperature excursions can also lead to 
device failure. Accurate simulation of 
IC-temperature variations requires cou- 





Figure 2 Manufactur- 
ers such as Philips 
Lumileds use the 
LightTools software 
from Synopsys’ ORA 
group to build com- 
ponent libraries that 
provide models of 
LEDs’ mechanical 
and optical properties 
(courtesy Synopsys). 


pling the physics of thermal conduction 
to the models of dynamic electrical con- 
duction, adding 3-D models of the ma- 
terials that compose the insulating lay- 
ers around active devices, and conduc- 
tive paths to the device package. 
Gradient’s HeatWave 3-D electro- 
thermal simulator for chips and stacked- 
die SIPs (systems in packages) computes 
the temperature profile inside a die, al- 
lowing annotation of the data into a 
standard circuit simulator to make re- 
sults more accurate (Figure 1). For most 
SOCs that rely on dynamic on-chip 
power management, HeatWave can 
compute a transient-temperature map, 
showing variations over time as a func- 
tion of circuit operation. HeatWave in- 
tegrates with industry-standard custom 
and analog IC design flows, taking as its 
inputs the chip’s layout geometry, power 
sources from the circuit netlist, package 
specifications, and a file that describes 
the materials in the semiconductor- 
manufacturing process. The interactive 
GUI (graphical-user-interface) mode 
lets users navigate a chip both horizon- 
tally and vertically to examine the tem- 
peratures and heat-conduction paths 
throughout various device layers. 
Gradient also offers HeatWave 3DIC 
for steady-state analysis of heteroge- 
neous stacked-die packages (Reference 
2), which are 
increasingly ex- 
tending Moore’s 
Law into the ver- 
tical dimension. 
The thinning of 
chips, necessary 
for such packag- 
ing, and the ad- 
dition of interdie 
insulators and 
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molding compounds, which can nega- 
tively affect heat-conduction paths, fur- 
ther complicate the electrothermal phys- 
ics of stacked-die configurations. 


A COMPLETE APPROACH 


For complete system optimization, the 
analysis of electrothermal effects that be- 
gin on-chip at the nanometer scale con- 
tinues outward to the millimeter scale 
of the package and the PCB (printed- 
circuit board). At this stage, overdesign 
of heat sinks and cooling systems can 
add unnecessary cost, whereas inaccu- 
rate modeling of the physics of heating 
in copper traces can result in reliability 
problems. Electromechanical effects also 
enter the picture as a result of the ther 
mal stress of electronic components and 
the interfaces between dissimilar materi- 
als in the chip/package/board stack. 

Ansys’ Icepak optimizes the design of 
cooling systems by analyzing heat trans- 
fer and fluid flow in IC packages, PCBs, 
and complete electronic systems. Steve 
Scampoli, lead product manager for An- 
sys’ multiphysics, describes Icepak as a 
unique approach that can analyze elec- 
tronic cooling at multiple levels—from 
chip packages to PCBs to systems for 
data centers. Icepak imports electronic 
and mechanical CAD (computer-aidec- 
design) data from EDA software, such 
as Cadence’s Allegro PCB-design tool 
and APD (Advanced Package Design- 
er). A connection to the Ansys Slwave 
(signal-integrity-wave) and power-in- 
tegrity-analysis tool enables developers 
to import dc-power-distribution profiles 
for thermal analysis of heating in the 
conductors of PCBs and packages. 

CRTs have gone the way of the dinc- 
saurs, and energy-efficient options, such 
as LEDs, are replacing incandescent 
bulbs, so electronics systems for lighting 
control are growing in importance. The 
recent “Designing with LEDs Work 
shop,” which EDN sponsored, devot- 





ed a day to topics such as power and 
thermal management, optics and light 
measurement, and LEDs and solar pow- 
er. Along with electrothermal behavior, 
the electro-optical interfaces in lighting 
systems require a multiphysics approach 
for system optimization. 

To examine trade-offs in lighting-sys- 
tem design, National Semiconductor is 
providing its LED-simulation tool free 
online (Reference 3). The Webench 
LED Architect allows users to select 
models for LEDs, passive components, 
and heat sinks from a variety of manu- 
facturers, aiding in the selection of the 
appropriate National Semiconductor 
PowerWise LED driver. 

EDA vendors have also moved deep- 
er into optical design. For example, Syn- 
opsys recently acquired the 47-year-old 
ORA (Optical Research Associates), 
whose LightTools 3-D design tool pro- 
vides virtual prototyping, simulation, and 
illumination applications for optical de- 
sign (Figure 2). According to Tom Walk- 
er, R&D director in the Optical Solutions 
Group at Synopsys, LightTools addresses 
the physics of phosphors and applications 
in which designers must “coerce pho- 
tons.” LightTools finds use in LED design, 
backlighting for LCDs in cell phones, and 
modeling and analysis of solar-collection 
systems. Synopsys has added ORA’s prod- 
ucts to the TCAD (technology-comput- 
er-aided-design) product portfolio, which 
also includes the Sentaurus device simu- 
lator. Sentaurus simulates the electrical, 
thermal, and optical characteristics of 
semiconductor devices.2DN 
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It may not be as much fun as holiday shopping, but 
selecting the most innovative and significant product 
and technology offerings of 2010 is a task our editors 
enjoy. EDN proudly presents its list of the Hot 100 prod- 
ucts that in 2010 heated up the electronics world and 


ANALOG 


Analog Devices 
AD5791 20-bit DAC 
www.analog.com 


Fairchild Semiconductor 
FAN739x, high- and low-side 
gate driver 

Www: felrchigsem an 


Intersil 

ISL59605 MegaQ 
video equalizer 
www.intersil.com 


Linear Technology Corp 
LT6656 low-power voltage 
reference 

www.linear.com 


Nationa a al Sei , 
-DS92LX2121/2 SERDES 


Maxim | rated Prod 
MAX11 1 0 single-channel, 
24-bit ADC / 


| www.maxim-ic.com | 


Microchip Technology 
MCP4361 1 uses cterth 
and MCP4362 quad rheostat 


eco: _ 


National Semicon duct tor 


ADC12D1800 ADC — 


www.national.com 


1iconductor 
We RO 


Nuvo ton 


ISD61 Soo sudio-onio recorder 


www.nuvoton-usa. com 


Si270x clage-D audio amplifier 


www.silabs.com 
peeve 641, dual OPA1642, 
and quad OPA1 644 
operational amplifiers 
www.ti.com — 


Pal ae Bd 
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WWW. wolfson 
micro.com 


'WM8912 12 audio E DAC 


grabbed the attention of our editors and our readers. 


Visit www.edn.com/2010hot100 for links to EDN’s 
original coverage of each of the products you see 
listed on these pages. For continuous new-product 
coverage, go to www.edn.com/productfeed. 


‘COMMUNICATIONS 
_ AND NETWORKING 


AR7400 power tne-network 
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Quanter ina 


~ QHS600 4x4 MIMO 802. tin n 
chip set © 


Www. quantenna com - 


Sigma De: 


CG511x eowerline-networe : 


ingchipset 
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Summit Semiconduct tor 
FS848 wireless audio 
transceiver 
www.summitsemi.com 


COMPONENTS 


ote MPL EasyWhite LED 
www.cree.com 


Digi international 

iDigi machine-to-machine 
network management 
www.idigi.com 


S$ sinc 
ZXTN26020DMF 20V Dipolar 


transistors 
www.diodes.com — 


-onversion 
GaN power fenciaior 
WWW.ePC-CO.coOM 


infineon 
OptiMOS MOSFETs 


_ Www. infineon.com 


International Rectifier 
iP2010 and iP2011 GaN 
power transistors 


Www.irf.com 


_UVCBT-A 120 UV LED 
WWW. luminus.c com 


: Nolex 
_ Helieon LED module 
~ Wwww.molex.com 


Na tion jal Semicondu Ic ctor 
Webench LED Architect 
ee 


Philips ; Lumileds 


Luxeon Rebel LEDs for indoor 
illumination 
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Texas | instrumer nis 


CSD8635005D Power Block 


synchronous MOSFET half- 
bridge device 
www.ti.com 


SiRS80DP FET 
www. vishay.com 


DEVELOPMENT KITS 
Avnet Electronics 
Marketin ig 

Xilinx Spartan-6 FPGA/ 
DSP-development kit 
WWww.avnet.com 


Tex as Instruments 
LaunchPad development 
board 

www.ti.com 


EDA 


Atrenta 
SpyGlass-Physical RTL 
design- -closure-estimation — 
tool : 
Www, ares com 


Tekton STAvextraction/Spice 
environment 
www.magma-da.com 





Mentor Graphics 
Calibre InRoute Olympus 
routing kernel 
www.mentor.com 


Mentor Graphics 
SystemC support 
for Catapult C 
www.mentor.com 


Synopsys 

DesignWare STAR (self-test- 
and-repair) ECC IP 
www.synopsys.com 


LOGIC ANALYZERS 


LeCroy 

LogicStudio 16 logic 
analyzer 
www.lecroy.com 


Tektronix 

TLA6000 midrange logic 
analyzers 
www.tektronix.com 


MEMORY 
AND STORAGE 


IM Flash Technologies 
25-nm, 3-bit-per-cell MLC 
NAND-flash memory 
www.imftech.com 


Micron Technology 
C300 and P300 solid-state 
drives 

www.micron.com 


PLX Technology 

NAS 7820, 7821, and 7825 
storage controllers 
www.plxtech.com 


SandForce 

SF-2000 solid-state-drive- 
controller series 
www.sandforce.com 


Seagate Technology 
Momentus XT hybrid hard- 
disk drive 
www.seagate.com 


Western Digital 
Four-platter, 3-Tbyte hard- 
disk drives 
www.westerndigital.com 


MICROCONTROLLERS 
AND PROCESSORS 
AMD 


Bobcat Fusion CPU-plus-APU 


www.amd.com 


ARM 
Cortex-A15 CPU core 
Www.arm.com 


Freescale Semiconductor 
Kinetis ARM-based 
microsontrollers 
www.freescale.com 


intel 

Lincrcft Atom CPU and 
Moorestown chip set 
www.intel.com 


Texas Instruments 
TMS320C66x fixed- and 
floating-point cores 
www.t.com 


Texas Instruments 
Integra ARM-based micro- 
conircller-plus-DSP family 
www.t.com 


Vitesse 

VSC7460 Jaguar carrier- 
Ethernet switch 
www.vitesse.com 


MULTIMEDIA ICs 


Radecn HD 6800 series 
graphics processors 
www.emd.com 


zenverge 

ZN10C, ZN150, and ZN200 
audio, video, and DRM 
transcoders 
Www.zenverge.com 


OSCILLOSCOPES 


Agilent Technologies 
86100D DCA-X (extended) 
wide-bandwidth equivalent- 
time-sampling oscilloscope 
www.agilent.com 


~ Rohde & Schwarz 


RTO 2-GHz oscilloscopes 
www.rohde-schwarz.com 


POWER 

Enpirion 

EN6300 family of voltage 
mode synchronous buck 
dc/dc converters 
www.enpirion.com 


Fairchild Semiconductor 
FAN5365 digitally program- 
mable regulator 
www.fairchildsemi.com 


Freescale Semiconductor | 


MCF5- EM256 
smart-neter IC 
www.freescale.com 


Linear Technology Corp 
LT4186 virtual remote sense- 
contro ler IC 

www.linear.com 


Linear Technology Corp 
LTC3108 energy-harvesting 
boost regulator 
www.linear.com 


National Semiconductor 
LMZ series of Simple Switch- 
er modules 

www.national.com 


National Semiconductor 
LM5035C PWM controller 
www.national.com 


Picor 
Cool-Power platform 
www.picorpower.com 


Powercast 
TX91501 transmitter module 
www.powercastco.com 


Semtech 

$C174 and SC173 buck 
regulators 
www.semtech.com 


Silicon Labs 
Si8420 isolator 
WWww.silabs.com 


Skinny Bytes 
Touchscreen AlO 
www.skinnybytes.com 


$TMicroelectronics 


_SPV1001 bypass diode 


www.st.com 


Teridian 


_ 78M6618 power-metering 


chip 
www.teridian.com 


Texas Instruments 
TPS7A30 negative-output 
low-dropout linear regulator 
www.ti.com 


RF 
Hittite Microwave 


HMC-C070 synthesizer 
www.hittite.com 


Marvell 


88DE8500 hybrid silicon tuner 
www.marvell.com 


Maxim Integrated Products 


~ MAX2042 upconverting 


and downconverting, 
double-balanced passive 
mixer 


— www.maxim-ic.com _ 


Peregrine Semiconductor 
PE42662 SP6T (single-pole/ 


__ six-throw) RF switch 


www.peregrine-semi.com 
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Peregrine Semiconductor — 
PE42440 SP4T (single-pole/ | 
four-throw) RF switch 
www.peregrine-semi.com 


Radiometrix 

TXL2/RXL2 9600-baud RF 
modem | : 
www.radiometrix.com 


RFMD . 
RF3931 GaN unmatched 
power transistors 
www.rfmd.com 


Scintera Networks 
SC1887 adaptive RF predis- 
tortion chip 
www.scinteranetworks.com | 


Texas Instruments 
CC1190 RF sub-GHz range 
extender 

www.ti.com 


Texas instruments 
CC2590/1 RF 2.4-GHz range 
extender 

www.ti.com 


SEMICONDUCTOR 
PROCESSES AND IP 
IBM 

CMOS-7HV highsvolidge 
mixed-signal process 
www.iom.com 


SIGNAL ANALYZERS 


Anritsu | 
MS2830A 9-kHz to 3. 6-, 6. or 
13.5-GHz signal analyzers — 
WWW.US.anritsu.com 


_ SIGNAL GENERATORS 


Agilent Technologies _ 
81180A 4.2G-sample/sec | 
arbitrary-waveform generator © 
Www.agilent.com 


Anritsu 
MG3690C 70-GHz RF/micro- _ 
wave-signal generator 


-WWW.US.anritsu.com 


LeCroy | 
ArbStudio arbitrary-waveform . 
generator — 
www,lecroy.com 


SINGLE-BOARD 
COMPUTERS 
Adlink 


- Ampro ReadyBoard 740 


Atom-based single- “board _ 
computer _ 
www.adlink.com 
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Clesig 


High-side current-shunt monitor 


offers reduced error 


Marian Stofka, Slovak University of Technology, Bratislava, Slovakia 


My The circuit in Figure 1 is an ab 
= ternative to a high-side current 
monitor in a recent Design Idea (Refer 





ence 1). That monitor uses the Analog | 


Devices (www.analog.com) AD8212 


and an external high-voltage bipolar 


PNP transistor. The AD8212 can com- 


pensate for errors, which can reduce | 


_ from the approximately —1% error of an 
uncompensated circuit to about —0.4%. 


Circuit errors occur mainly because of | 
ed by B,,,, compared with the circuit — 
in the earlier Design Idea. In that De- | 
is the current gain of one — 
a 40-pV input offset voltage. When its 
_ input voltage is close to the upper supply 


the finite current gains of the two bi- 


polar PNP transistors in the circuit: an | 
_ sign Idea, 
voltage PNP transistor in the AD8212. | PNP transistor. The circuit in Figure 1 
reduces error by using a PNP-to-Dar- 
_ lington connection in place of an ex- 
ternal PNP transistor. The difference | 
between the emitter and the collector | 
_ currents in the Darlington connection — 
is so low that you can omit compen- | 
sation circuitry and the internal PNP 
transistor, which are associated with the | 
~ compensation circuit. You could thus | 
true also for the leakage current of the 
_ Darlington connection because the leak- 
age currents flowing through the emit- 
| _ ter and the collector of Q, have almost 
_ the same value. Leakage current | 
- comesa part of the feedback current that 
flows through resistor R,. 


external transistor and an internal low- 


The internal PNP transistor’s base-emit- 


ter junction forms a negative-feedback — 


loop for the op amp within the AD8212. 


Both PNP transistors form a cascade of | 
two common-base-operated transistors. 
In the ideal case, the emitter current of | 
the internal PNP, which is proportion- | 
al to a sensed current, should equal the | 
collector current of the external PNF. 


| Figure 1 The circuit senses the current flowing through load resistor R, at the high 
_ side and transfers it directly to the low sde by means of feedback current I., which 


| has 500 pA at full-scale. 






_ This collector current mediates the in- | 
- formation about the sensed current. In 
_ practice, however, the collector current | 
of the external PNP transistor equals 
- the emitter current of the internal PNP | 
minus the sum of the base currents of 
_ both PNP transistors. | 
The base current is also a source of © 
_ error in this circuit. The circuit reduces — 
_ the undesired base current of the Dar- 
_ the zener diode into a monolithic IC 


_ that is simpler than the AD8212. 


lington PNP by a factor of one divid- 


Bone 






IC, 
AD8603 


niaea 
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com di 


integrate the two 1-kQ resistors and 


The circuit in Figure 1 uses an Ana- 


log Devices AD8603 op amp, which has 


rail, the offset voltage is less than 200 uV. 
The worst-case input offset-voltage value 
would cause an additive error of 0.04% 
of the full-scale because the full-scale is 
500 mV. IC,’s subpicoampere input bias 


current rises at elevated temperatures 


~ to about 320 pA at 125°C, but that in- 


crease is still not significant enough to 


be- 


CEO 


When I 


. >| 
ceo Tises, the op amp’s out- 


_ put voltage goes slightly more positive. 
_ | Feedback current I,, flowing through 
| | resistor R,, still remains constant. The 
_ only condition is that the minimum 
_ feedback current must be larger than 
| the maximum leakage current. The se- 

~ lected PNP transistors allow V, to be as 
_ high as 30V. Q,, an MMBT3906 type, 
exhibits a low drop in the value of cur- 
| rent gain at low emitter currents. It 
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Low, 500yV (max) Vos 
enables use of small 
sense resistor (50mQ 


Wide, 1.6V to 28V input 
common-mode range is ideal for 
portable and notebook applications 


VBATT = 
1.6V TO 28V 


Ultra-low, 1A (max) 
quiescent current 
over temperature 





Tiny, Imm x 1mm, 4-bump UCSP™ 
is 50% smaller than the competition 


UCSP is a trademark of Maxim Integrated Products, Inc. 


www.maxim-ic.com/MAX9938-info 
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drops to just 75% of its maximum value | 


of 130 at an emitter current of -100 WA. 
Q, is an MMBT4403 type. 


For applications requiring higher val- | 


ues of V_, select PNP transistors hav- 


ing sufficient collector-emitter voltage _ 
ratings and increase the value of R, as | 
R,=(V,-5V)/5x104A. Z,, a ZPY5V6, | 


has a zener voltage of about 4.7V at | 


_ than 40-dB return loss on the trace at 


about 500 WA. A test reveals that the rel- 
_ ative difference between the emitter and — 
_ the collector currents of the Darlington | 
_ pair doesn’t exceed 0.06% at full-scale. 
| At 0.01 times full-scale, the relative error | 
| | Mi Tran, Chau, and Paul Mullins, “Cur- 


rises to 1.77%, indicating that the over- 


all current-gain value of the Darlington | 
_ decreases to about 56. The reduction of | 
| aFnEBW. 


error lets you reduce the full-scale volt- 


Make a quick-turnaround PCB 


for RF parts 


Steve Hageman, AnalogHome.com, Windsor, CA 


Using low-cost PCBs (printed- 
circuit boards), you can easily de- 
sign a board in a few hours with nearly 





any CAD package, even the free ones. — 
You can have your prototype board on | 
_ the board becomes a significant factor. It 
adds more capacitance than the calcula- 
- pensate. For instance, increase the spac- 


| ing to the top plane of a 0805 SMT pad 


your desk in just two days. The design 


rules in many software packages are | 
good, and most suppliers can fabricate a | 
PCB with line width and spacing down gy 


to 0.006 in. 


That precision is fine for low-frequen- 7 


cause the height of the copper traces on 


tors assume. Hence, the lines these cal- 







cy circuits, but RF circuits usually need = & — 
50Q traces for proper circuit operation. | = 


Parts get smaller, but the laws of phys- | 
ics don’t change. Thus, a microstrip trace 
on a 0.062-in.-thick standard prototype || Figure 1 A nominally small SMT part fits | : 
| | well onto the 0.032-in.-wide CPWG 50Q touted board edge. This pull-back and 
the edge-launch connector both add a 


board that was calculated to be 0.11 in. 


wide 30 years ago is still 0.11 in. wide. | 
today. Many surface-mount parts are far 
smaller than their predecessors, however, — 
so it would seem that low-cost, two-layer © 
prototype boards for RF prototyping are — 
unsuitable for today’s small SMT (sur- | 


face-mount-technology) parts. 
You can use a CPWG (coplanar- 


waveguide-over-ground) structure to | 
build 50Q RF traces on PCBs. A CPWG | 


structure lets you make the required | 


crostrip structure. 
Bringing a grounded copper ground 


plane on the top of the board closer to 
~ common structures. 
In keeping with the minimum trace- | 
_ to-trace spacing of 6 mils, I simulated, 
you must make the center trace more built, and tested a CPWGé structure. | 
For a common 0.062-in.-thick FR-4 _ 
PCB material, a trace width of 0.032 — 
_ in. with a gap of 0.006 in. is as close to | 
- 50Q as you can get. It provides better | 


a microstrip trace adds capacitance to 


the microstrip structure. To compensate _ 


and to keep the entire structure at 50Q, 


inductive by reducing its width—to a 
point. 
How can you design the CPWG struc- 


ture for a low cost and a fast PCB pro- | 


aaa 








| line structure. The 0603 resistors and 


_ capacitors and a small gallium-arsenide | : 
_ | FET-amplifier SC-70 IC also fit well. | 


culators design have too much capaci- | 
~ tance, which reduces their impedance to — 
~ less than 50Q. The equations date back | 
_ many years to IC design. 


The equations in many calculators fall 


age at shunt resistor R,,, to 250 mV, re- 
duce the power dissipated in R,,, by 50%, 
and maintain the error at 0.15%.¢o~ 
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rent monitor compensates for errors,” 
EDN, Sept 9, 2010, pg 47, http://bit.ly/ 


This approach is better than using 


a 0.11-in.-wide trace and is compat- 
ible with SMT-sized parts. A 0603- 
sized SMT part and a common SMA 
' cess? You can find many online CPWG | 
calculators, but they often fail when the _ 
_ ground-plane gap gets less than approxi- | 
- mately 30 to 50% of the trace width be- 
_ with larger pad dimensions than the 


(surface-mount-assembly) edge-launch 
connector fit the line perfectly. Figure 
1 compares several common RF-type 
parts with the fabricated PCB. For parts 


0.032-in. trace width, just increase the 
spacing to the top ground plane to com- 


to approximately 0.008 in. and increase 
the top-plane spacing for a 1206 SMT- 
component pad to 0.012 in. to keep the 


pad from being too capacitive. 


In keeping with common design 


, rules, I pulled back the copper planes 
on the tested PCBs 0.01 in. from the 


slight amount of inductance to the tran- 
sition, however. The big center pin of 


| | the edge-launch connector on top of 


the trace adds extra capacitance, pro- 
viding built-in capacitive compensa- 
tion. Cutting the pin to about half its 


— original length yields about equal ca- 
- pacitance to balance the transition 
_ apart because today PCBs differ physi- 
_ cally from ICs. The best way to properly — 
trace width smaller than that of a mi- | design a CPWG on a PCB with a nar- © 
| row gap-to-center-trace ratio is to use a | 
~ full 3-D electromagnetic simulator. This | 
Design Idea provides the values for a few 
degrades high-frequency perform- 


inductance. 

The CPWG structure needs a solid 
ground plane under the trace; leaving 
cutouts in the bottom ground plane — 
under the topside trace adds a signifi- 
cant inductance to the structure, which 


ance. You also need to “stitch” the top 
ground plane to the bottom ground 
plane with vias. Place the stitching vias 
less than one-eighth of a wavelength of 
the highest frequency that your circuit 


_ will use. Note that 0.1-in. spacing works 


well at frequencies greater than 10 GHz. 
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Spacing of the stitching vias to the cen- | 


ter trace follows the same spacing rules. 
You can easily get enough vias in and 
around the trace to make it work. 


If you don’t have enough vias, you | 


will see a slight but rapid 0.5- to 1-dB | 


istics instead of a linear loss slope with | 
| frequency. You can instantly see this ef- | 
_ fect by using a VNA (vector network: | 
_ analyzer). Measuring the test board | 
_ shows approximately 0.25 dB/in. of loss | 
at 3 GHz and 1 dB/in. of loss at 10 GHz, — 


_ frequencies.epn 


drop in the S,, transmission character- including two edge-launch connectors. 


PLL filter blocks undesired frequencies 


Stephen Kamichik, lle Bizard, PQ, Canada 
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| Figure 2 The components i in 1 Figure 1 block frequencies of. ah 
| approximately 60 Hz. | 





0 
20 30 40 50 58 60 62.64 70 80 90 100 
ree ses 


You often need to block signals of | quencies, 50- or 60-Hz line frequency is 
siete rSsMencitayn of these fre- | the most common. You can use the PLL S 





notch filter in n Fig: | 


ure 1 to block un- | 


wanted frequencies. 


a tone decoder. 
Components ‘Oe 
R, a and R,,, deter- 
mine the frequency, 


Logic probe uses six transistors 


Raju R Baddi, Raman Research Institute, Bangalore, India 





NPN transistors and three PNP transis- 
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The circuit in Figure 1 lets you | 
build a logic probe using three — 


and logic zero is red. Q, and Q, test the 
probe-tip condition for logic one, and Q, 


zener diode in the emitter circuit of Q.. 





To interface to an SMT part or an 
IC with narrower pads than 0.032 in., 
narrow down the center conductor as 
needed as close to the part as possible. 
If the discontinuity is physically small, 
it will have little effect until very high 





_ quency F to Pin 3 of IC,, the output, Pin 
_ 8, goes low because the output transistor 
_ in IC, is saturated. 


The LM567 decoder comprises an in- 


_ phase and quadrature detector, which 


a VCO eeleee controlled oscillator) 
drives. The VCO 
determines the de- 
coder’s center fre- 


quency. The band- 
width of the decod- 
er is LO7OWV/(C,F), 
where V is the rms 
(root-mean-square) 
input voltage and C, is 
capacitance in micro- 
farads. The band- 
width is a percentage 
of the frequency. 

The tone decoder’s 
output runs to the 
control pin, Pin 13, of 
IC,, a CD4066 quad 
bilateral switch. The 


O Vout 





_ input voltage connects to the CD4066’s 
input pin, Pin 1. That signal controls the 
switch. The CD4066 switch is closed, or 
IC,, an LM567C, is | 


on, when the control pin is high at logic 


_ one and open, or off, when the control 
| pin is low at logic zero. When IC, de- 
_ tects the unwanted frequency—in this 
| case, 60 Hz—IC,’s Pin 8 and, thus, IC,’s 
F, that IC, detects: | Pin 13 go low. That action opens the 
F=1/[C,(R,,+R,,)].. switch, which blocks the signal with the 


When you feed fre- 


- unwanted frequency (Figure 2).¢o~ 





_R,, determines the diode’s value. That 
_ value creates a lower limit for the break- 
down of the base-emitter junction of LD; 
_ through V_. These values ensure that the 
_ threshold value for logic one at the probe 
_ tip is approximately 3.2V. Q,’s break- 
and Q, test it for logic zero. Q, acts as a 
tors. Two transistors act as switches that | 
drive the LEDs; logic one is a green LED, — 


down voltage in the emitter circuit of Q, 


_ is approximately 2.6V. The equation for 


The voltage divider comprising R,, and | setting this threshold is V 


=1.2+(VR,,/ 


HIGH 


nn a ee 








R,,+R,,),where V is the supply voltage. 
Because V,,,,,, is a function of the supply 
voltage, the probe is suitable for CMOS 
transistors, as well. When the voltage at 
the probe tip goes above this voltage, the 
base-emitter junctions of both Q, and Q, 


are forward-biased, and they have a com- - 


mon collector-emitter current that flows 1 : Espn 


ee) 


through R,, producing enough voltage to 
forward-bias Q. and turning on the green 
LED. Ideally, R, and R, maintain the 
voltage at the probe tip at approximately 
2.5V, which is less than 3.2V. 
Transistors Q, and Q, form a compar- 
ator of their base voltages. The divider 
combination 
comprising R, | 
and R, main- | aa Ee 
tains the base | 
of Q, at a spe- 
cific voltage, 
which is approximately 1.9V. 
Because the probe’s suspended 
voltage is greater, Q, conducts, 
and no current flows through 
R.. Thus, Q, and the red LED 
are both off. If the voltage at 
the probe tip goes below 1.9V, 
however, Q, has a higher volt- 


ageiat\ies base-than,Qy) and! || ns a ll OS et erected 
the common-emitter current | Figure 1 This circuit lets you build a logic probe using six transistors—three NPN and three PNP. 





DUAL-COLOR LED 
GLUE-STICK TUBE 







GEL-PEN-REFILL TIP 


STRONG POWER 
CORD 





CONNECTION TO TIP 
SCREW TO FASTEN CIRCUIT 
THE REFILL PIPE 


through R, diverts to R, through Q,,. 
This action produces sufficient volt- 
age drop across R, to turn on Q, and, 
hence, the red LED. The following 
equation sets the low-voltage threshold: 
Viow= [VR,/ (R,+R,)] : 

The current through the probe tip is 
—50 to +80 uA for a logic voltage of 0 
to 5V. An appendix in the online ver- WERSIE TO 
sion of this Design Idea, at www.edn. sieanaoRAs HOLD THE WIRE 
com/101215dia, details the derivation o7 | COMPATIBILITY TO THE BOARD 


Figure 2 shows the construction method | Figure 2 The construction method for building a compact probe requires a dual- 


for building a compact probe.eox | color LED, a screw, the circuit, and crocodile clips. 


CROCODILE CLIPS 






PURPOSE 
CIRCUIT BOARD 






ie APPLY STRONG 
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Isolated ac/dc converter has PFC 





The PFM VI brick-module isolated ac/dc converter has PFC and adaptive- 


cell architecture, which enables high efficiency of worldwide ac mains. The 
device delivers 330W at 48V in a 9.5-mm-thick profile. The module provides iso- 
lation, voltage transformation, and PFC regulation in one stage using high-fre- 
quency soft-switching technology. It sells for $75 (OEM quantities). 


Vicor Corp, www.vicorpower.com 


400W dc/dc converter 
integrates a heat sink 


The VFK400 series of dc/de con- 
verters provides 400W of output 
power. The chassis-mount devices inte- 
grate heat sinks for pir ay thermal 
performance. The : 
7.8x5x1.5 in. 


devices 







accept a 4-to- 
1 input and can support either 10 to 36 
or 18 to 75V-dc isolated input voltages. 
The converters are available in regulated- 
output versions of 12, 24, and 48V dec. 
The devices are available through Digi- 
Key at $388.94 (500). 

CUI, www.cui.com 
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POL dc/dc converters 
tout 8.1A/cm? current 
density 

| The DLynx family of nonisolated 
~ point-of-load, PCB-mounted dec/ 
i -power modules are available in 
DOSA (Distributed-Power Open 
Standards Alliance)-based digital and 
analog versions. They power silicon 
devices, such as processors and memory 
on PCBs. They also feature an industry- 
standard PMBus interface and an 8.1A/ 
cm’ current density. The family 
includes the 12A analog PVX012 
PicoDLynx and 12A digital PDT012 
PicoDLynx, which come in a standard 
12x12-mm format. 
Input voltage 
ranges from 3 to 
14.4V dc, and reg- 
ulated-output volt- 
age ranges from 


0 t6 3.9" | de. 


LL ee 











Current derating over temperature 
enables the modules to achieve 10.4A 
at 85°C without any airflow from a 12V 
input to a 1.2V output. With as little as 
100-lfm airflow, the DLynx delivers 
12A full capacity at 85°C. All modules 
also include Tunable Loop technology, 
which allows users to optimize the 
dynamic response of the converter to 
match the load with a reduced amount 
of output capacitance. The modules use 
Power-One’s digital-power-technology 
patents. Prices start at less than $7 
(OEM quantities). 

Lineage Power, 
www.lineagepower.com 


100 and 150W power 
Supplies accept 
wide ac-input range 


© The 100 and 150W ZWS-BAF 
series of single-output, PCB- 
mountable ac/dc power supplies accepts 
a wide ac-input range. With profiles of 
1.3 to 1.45 in. and footprints of 2.44x6.1 
or 3x6.3 in., the devices target applica- 
tions in light-industrial, LED-signage, 
test-and-measurement, 

gaming, point-of-sale, 
and IT equipment. 
The open- 
frame sup- 
plies fea- 
ture a 
uni- 
versal 
85 to 
264V 
ac, 47- to 
63-Hz input with 

PFC. They operate from a 120 to 370V- 
dc input. The units withstand 3 kV ac 
from input to output. The devices are 
available with output voltages of 3.3, 5, 
12, 15, 24, or 48V de, all of which have a 
+10% adjustment range. Prices start at 
$57 (500). 

TDK-Lambda, 
www.us.tdk-lambda.com/Ip 










Three-terminal, 2A 
switching regulators 
feature efficiency 


as high as 92% 
The K78xx-2000 series of three- 


terminal switching regulators 


have input ranges of 4.75 to 18V dec, 
with positive or negative outputs of 2.5, 
3.3, 5, and 6.5V dc. An output current 
as high as 2A allows for as much as 













13W of power ina miniature SIP witha 
choice of straight or bent leads. Prices 
start at $4.94 (OEM quantities). 
Mornsun America, 
www.mornsunamerica.com 


ower converter 
targets energy-harvest- 

ing applications 
The TPS62120 step-down con- 


verter achieves 96% efficiency and 
can generate a 75-mA output current 
from an input voltage of 2 to 15V. The 
device targets use in energy-harvesting, 
battery-powered, and 9 and 12V-line- 
powered applications. The synchronous 
converter has a power-save mode to pro- 
vide high efficiency over the entire 


POWERED BY 


load-current range, 
reaching 75% effi- 
ciency at loads as 
low as 100 WPA. 
During — light-load 
operation, the de- 
vice consumes only 
11 WA of quiescent current. The device 
also automatically moves from power- 
save mode to a fixed-frequency PWM 
mode. Input voltage ranges from 2 to 15V, 
and output voltage ranges from 1.2 to 
5.5V. The device also features smooth 
start-up from weak energy sources. The 
TPS62120 is available in an eight-pin, 
3x3-mm SOT package and sells for 95 
cents. Another version, the TPS62122, is 
available in an eight-pin, 232-mm QFN 
package and sells for $1.05 (1000). 

Texas Instruments, www.ti.com 





Easily create and manage multi-level 
parts lists and specs, calculate costs, 
generate shopping and kit lists, print 
labels, generate RFQs and POs and 
much more... 


3 editions 
starting at 
$99 per user 


Get the full function DEMO at 
www.trilogydesign.com 
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The sharpest tool in the shed 


| 





we got started. 


I began with what I consider to be 


up and listen. Other systems of the same 
model and vintage were working fine; 
gleaning no clues from them, we moved 
on. A quick look revealed common- 
mode noise everywhere. Inserting bypass 
capacitors in selected places didn’t help 
a bit. I checked other capacitors and 
grounds. Circuit grounds and other 
important connections were all in order, 
as well. This problem was going to be 


a tough one, but I reminded myself 


Ln a a on 





_ that I love working on tough problems. 
the two best tools in the toolbox: shut | 


_ get the power-supply case to connect 
to an aluminum heat-sink block to 
_ connect the power-supply heat to the 
_ chassis. He had to mount it low enough 
_ for the power-supply pins to fit through 
_ the PCB (printed-circuit board) where 
_ it was mounted. Given what sounded 
like maybe a tolerance clue or just 
_ another kind of headache, we decided 
_ to take a closer look. 


The OEM-provided potted power 


| supply was in a five-sided metal case; 


_ WITH A TEAM EFFORT— 
_ LISTENING FIRST, USING 
_ OURTECHNICAL SKILLS 
_ SECOND, AND “EGOS 

_ GROUNDED“ THIRD— 

_ WE QUICKLY MADE THE 
_ PROBLEM HISTORY. 


_ the potted side was next to the power 
- supply’s PCB right against the traces 
_ that ran underneath the bottom of what 
~ looked like the unshielded side of the 
_ power supply. Seeing this setup gave me 
_ an idea. After quickly grabbing a couple 


ferrite slabs from some of our ferrite 


uick to listen, slow to talk, and slow to anger are | ilaaree pranseiener parte’ sinek | adeed 


good rules to adopt in all your interpersonal rela- the technicians to move the power sup- 


tionships, but they also help when solving tough | 


technical problems, and they helped in solving a. | 
problem I encountered five years ago while work- | into the open space provided enough 
ele ; _ attenuation to the radiated B field to 
ing in the electrical-engineering department of a_ ; 

clean up all the common-mode noise 


sonar company. I got a call from the production manager, who | that had been coupling into the PCB’s 


asked if | could come by and help. One of our older systems had — 


ply off the PCB but to keep it connected 
properly. Slipping the two ferrite slabs 


| traces from under the power supply. 
arrived at final test, and it couldn’t pass the noise specifications. I _ 
greeted two of the best technicians I have ever worked with, and | 


We had to change the aluminum heat- 


conduction block in one dimension to - 
make a good power-supply-to-chassis 
| thermal connection, but we had cracked 
_ this tough nut of a problem, without a 
Taking another look, I noted that | 
_someone had replaced a switching © 
_ power supply that ran the system with | 
another vendor’s model, but replace- 
- ments did not always cause problems. 
- One of the technicians had a lot of 
experience working on the systems — 
_ in question and had noted a twofold 
problem with all of them: Whenever 
_he installed the new board-mounted © 
_ switching power supply, he had to | 
- mount it off the board so that he could | 


hammer, and we were done. 
With a team effort—listening first, 
using our technical skills second, and 


| “egos grounded” third—we had quickly 
_ made the dirty common-mode-system- 
_ noise problem history.£DN 


_ Mark Garfinkel is a consulting engi- 
_ neer in Goleta, CA. 


www.edn.com/fales | 
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light bulb, Thomas Edison taught engineers and scientists that building a 


functional prototype is fundamental in br 


NI LabVIEW 


NI CompactRIO- 
NI Single-Board RIO 
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graphical programming tools and NI customizatle off-the-shelf hardware 


can transform an idea into a functional prototype in weeks, versus months, 
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All the Highs & a Low | 


Vin 
4V to 60V 












Vours 
0.8V to 24V 


i I sup to 25A 
nal Vin 


Voure 
Lm —§o 0.8V to 24V 


T upto 25A 











75kHz to 850kHz 











60Vin, 24Voyr, 25A/Channel, 850kHz & Ip = 50pA | 


A new generation of dual synchronous, micropower step-down controller, the LTC°3890 offers performance and feature 
advantages for a broad range of power conversion applications. The 4V to 60V input capability covers a wide range of input 
sources and battery chemistries, protecting against high voltage transients so surge suppression circuits are not required. 
Minimum on-time of 95ns enables high step-down ratios. Its powerful 1.1Q onboard N-channel MOSFET drivers can deliver 
up to 25A of continuous output current per channel. 








Features _ Efficiency vs Output Current (A) Info & Free Samples 


e Input Voltage Range: 4V to 60V 95% 
¢ Dual Output Voltages: Up to 24V wt 


715% 


¢ Up to 25A Output per Channel ‘as 
© 95% Efficient 55% 


45% 


¢ Low Quiescent Current: 50pA 35% | / 
¢ Multiphase Capable for Higher Output = *” 


15% 


www.linear.com/3890 
1-800-4-LINEAR 
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, : . 


a ee 4 
+s E 
~~ om 





Current & Low Input Ripple a ee a ae ae eS 
¢ High Step-Down Ratios Vin = 24V, Fsw = 225kHz 
; www.linear.com/ad/3890 
¢ RsEnsE or Inductor DCR Sensing fans 
e Single Output Ver sion: LTC3891 4Y, LT; LTC, LTM, Linear Technology and the Linear logo are 


registered trademarks of Linear Technology Corporation. All other 
trademarks are the property of their respective owners. 








